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REPORT 


DFTHl 

SECRETARY OF THE SMITHSONIAN INSTITUTION, 

CHAILLES D. WALCOTT. 

FOM THE TEAM ENDING J W 


T& thii Hoard rt/ of the SniUA^7*mft ItusiiiMlioN** 

GcKTi.iL^iE?i: I liavff the lionor tn fqibtiut a import blowing ilio aper- 
iitions of the Insstitiition iliiring the yeiir oiuUng Jixm iiO, 10OB^ 
including the work placed under its direction by Congress in the 
United States National Museum^ the Rurcau of Amerif^m Ethnology^ 
the International Exclmnges, the Xatiotial Zoological Park, the A^tro- 
physical OhsiTratory, the regional bureau of the Intcrnfllinual 
Catniogne of Scientific Literature, and the eifcavations on the Cn.^ 
firandc Ilcsen\^tion, 

In the likidy of thb rejioit there is giren a general account of tho 
nlfftU'H of the InstiUitioiiT while the appendisL pre^^ents a more detuilwl 
stateineid by tluise in direct dinrgo of the different branches of the 
work. Independently of thia the openitionw of ihe National Jfusciiiti 
and the Bureau of American Ethnology are fully trt^ted in separata 
volumes* Tire ^^cicntUic work of the Astrcijihysic^l Observatory^ 
coveting its tcsearoheii for five years, is ficseribed in Voliuiie II of tho 
Annuls of the Ohservatorvi published during the year* 

THE SMITHSONIAN INSTITUTION* 

TIIF. ECTAOnTSII^MiNT* 

By act of CoogreHfl approvc<I August 10, ISiO, the Smithsonian 
Institution was created an establishment. Its statutory members nre 
^(he President, the VicenPresidciit, the Chief JuBtice, and the heads 
of the executive departments*” 

TtTE nOABO OF BFOnJtTW* 

The Ihuird of Regents consists of the Vice-President and the Chief 
Justice of the Utiit<.sl States as ex-olRcio mciubers, three rneiiiliers of 
the Senate, three ^leniljiers of the House of Kepresentatives, and six: 



2 


ANNUAL ftmCifiT SMiniSONTAK INSTITUTION, 190B. 


"■ two uf whom chilli be of ilw city c>f Wfisliitigtoo^ 

atid the other four ^nU l>e iiitmbilunbs of sioiije Stulo* but tjo two of 
them of ihv siiuio Sbite*-' 

It is with regret that I Imvo to record tlie lt^biiglJatiorl of the Hod. 
Richtird Olnej od Jaiiutint^ :^0, IflOS. Mr. Ohiey served on tJio Board 
of Regents ns ni citizen of Massachusetts for eight yearsv 

The following appointnients and rcnppoinlmeiUs of Eogeiits were 
made during the year: By apjmintmenl of the Sjjeiiker, DeeerjdHT 
0^ 1007, ReprrsentatiTes Johii Dnlsselh James 11 h Mann, and William 
M. Ilow^ard, to succeed theuitielves; liy appoint incut of tlie President 
of the Sennte on January 14, IMS, Seiuilor August us O, Bacon to 
sticceefl himself; by jotin resolution of Congress nppnived February 
'^4. 1006. tlie Hon, Charles F* Choate, jr*. of l^Lissachnsetts. in place 
of the Hon. Richard Olney^ resigned- 

TJie board met on Dccenil^cr 8+ 1007^ January 22^ 10OB, and Fcljm- 
ary 12, 10OS- Tlie prcK’eeiiingfi of these meetings! will printed m 
ciistointtry in the annual re|Kjrt of tlie board to Congress- 

A JJM1 -VlJri'aATtON. 

With the aid rendcretl hy tlie several expcrience<l and efficient 
staffs tlie iiduduL^iratJve work of the Institution mid the several 
brnnehesi of tlie goveriinienl seiwitv cmnniitted to it.s care has pro 
grc-ssgd in a satisfactory manner during the ycon Tlie affairs of the 
Instiiiitioii have rtx'civiHl [irorript admiuistrutive ronsidt'ration. jmil 
II united effort has been inode to carrj'^ out vigorously and conscieii- 
tioiisl}^ tlie fundamental purposes of the Institution^ ^Mhe increase 
and difTu-siori of knowledge*” 

Under the genertiil sujjervision of (lie Secretary tlie extended and 
complicateil operations of tJie Xatioinil ^Inseum have been edlriently 
nianagerl by the assistant secretar}" in charge of the Kutional 
Museum. Mr* Richard Rathhun. Dr* Cyrus Adler, assistant secre^ 
tary in charge of libnaty and cjcchaiigc;?^ hits also rendered important 
sendee in connection with the regional bureau of the Internationnl 
Catalogue of Scientific Literature and in the general business of 
the Inst it III inn. The affairs of tlic Bureau of Aiiiericait Etlmnlogy 
have contlmied in charge of Mr- W. IL I^fr- C* G. Ahl>ot 

lui-s advanced the work of the Astrophysieal Observalfiiy% and Dr- 
Frank Baker has superintended the administration of the National 
Zoological Park. 

Tlie Scctiftarv has availed hiniself of the n^enistance of fJie officers 
in charge of the variouFf bnuidies and confenml freely with them 
during the year. Certain changej^ in the routine of busine^ in the 
Institution proper and in the sevend hraialif^ have l>een approved 
upon recommendation of tlie coinnutlec on business methods. 


BFpPOirr QV THE SECBFTART. 
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Tlip roiitinp wfirk of the tlistitntion prtux-i- arul f>f the sGVpni.1 
bmiiehtsi of the government service luider its diraHioii was exEiniiiivil 
in del!:i]| din-ing the yeart inelnding the methods of cc>rre>|H)ndeiioe, 
the hiiJidlkig of freight, the purchase and i^^nance of j>m|Krty and 
supplies^ the distribution of publicotioiviu the receipt and dtsbur^' 
nient of moneys^ and rules and rcguhitioiiii affecting Iciives of iilisence 
and other tuntterp relating to the lierijoniioL In order that tlie most 
modern advances in olFicfc methods might be applied Lu the Institution 
TivliLTr nwie^stiry^ n subcommittee of the caminiUee on business metliDd^^ 
tva.s directed to visit the execnlive departments and local comtiicrcinl 
establisIiincnUf and the ret*ort of this sulwonimitiee was of material 
assistance in miggciititig needed imalificatiojui in the transactiem of 
routine bniiine^s under the Inst it nt ion. Among the most iinportatit 
iEiipruvenicuta in this direction wei-c certain changes in the accession¬ 
ing of material i^oeivc<l by the Xalional Muscnni for ex a mi nation 
and reporU T]ic giaieral ellect «f the recommendations of the coeii- 
mitteu ha^^ been to reduce the iimomit of work and to facilitate the 
dispatch of busini's.v. 

The Hihisory cninuiittet? on print ing and pubiicatioUf u|;ipij1nttHl 
in pursuance of executive onlcr of January "20, lOOG, which com¬ 
mit tec in conipoi>ed of represontatiTeH from the Institution and its 
hrandtcf^, Inrs reudertHj valuable aisistance in serntiniaing ciuinu^ 
scripte proposed fur publication and blank fonii.i uned in tlie Avork 
(jf the ln- 5 titution and its branches. 

Ap|iointment55 to the stalls of the XatiuiiLil Museum, llie Inter¬ 
na tiona I Exchanges, tlic liumm of American Ethnohjg^', the National 
Zoological Park, the Aslmphy-^ical Observatory, and the iTginiial 
biirtaiu of the Internotiuiiul Catalogue of SeieriLiiic Litcrkiture have 
hta.«n made from lime to time aw vaiancies ucctirreil, in accord a 
w ith the civil-?4;*rvice rules and irriuirenieiits; thesu* eslablishtueniSj 
with the exception uf the la^ft ntimcdj having been placed under the 
operation of the civihservice law on June 30, 180G, the International 
Catalogue having bter been subjected to the jurii^diction of the eom- 
ndssioxu No im|Hjrtant changes have l>een made in the routine 
atlcctlnguppoinlmenLs. except iliet hy executive orders the rules were 
tnudilied to pt^rmit transfers uf persons serving for a jicriod of six 
months ending wdthin one year from the date of propot^l transfer, 
and the requirements of examination were allowed to be waived in 
the duTcretion of the Civil Service Commission. The privilege of 
making emergency appointmeuts, [tending the permanent appoint * 
meiit of eligible^ through certification, wiis di^-ontirined, likewise by 
executive order, and all temporary appointnients are miuired now' 
to tie approved in advance by the eoramiijsioru Such appointments 
arc no longer limited arbitrarily to six niuntlii^v luit may. under cer¬ 
tain circuiustances^ be extended beyond that tertn. Recommendations 
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of ap[Kiijitiii^ officers H fTectifig the nicthott pf ajt[HiitiLmeut to posi- 
lioiis m the cia^ifietl j^rvice nt^* by order of February 

UM> 8 , required to lie forwiirtietl. with n full statement of the rensons 
therefor, through the Civil Service Conimisaion, to the P^e^^k]ent- 
Tlic curjnetit bqaiiiesa of the Institution has teen concliicted in ii 
prompt and e:ffeetivL manner, and it is gnitifrijig to note that no 
ari^'aragts in the work of the government branches under its direse- 
tion were necessary to he reportetl in the quarterly statemonts to the 
Preiiident and In the annual statement which,^ in tiocordanco witli 
law, accompanied the estimates trunsriiittcd to Congreifij^ 

Hie fK'rmaJienl f[ijid of the institution and tlie ernirees from which 
it was derived arc as follows: 

D*.’pt^it€4 0i ifit- ifj/ Ihtittyi 


Beiiaent of lifuiUmon. ISia _.____ lou.^iO 

Reeldwirj’ k?B3sc>’ of ISST - -JO. 

Dei^iek frouj oaviiii^ of 18117 -- 106^020. 

U^ijtieEt of Jamus HimiLlton^ 1S70 ----—-- |1.000. twl 

Jlecmy Ilia ted iaterest on ITnmIlton fund, 1, 000+00 

- amtiw 

B^nest of Ulnieon Ha bet, ______ _ _—-- TiOO. 00 

fr^mi |:wtK?VL*d!f of Kale of tH»ndH^ 18S1 ---- 51* 500.00 

Gift of Tlinmiia G. lludakla^ ISOl ___-.. :i00.000.00 

Pcirt c^f rf>^dtiars^ h^ie^ of TtioiUKH G. ItiKlKkiiiP^ _ S, m<Ki 

flroia BsiviipfB of lueome* 1003 _ 

Uivldiiarr Tlumuatt Cj. Httdicklna^^^ __ — T+0l8i+»0 


Tolnl nnioimt of fund In the T^lUliHl Hijiti.'K -rrHtrtiir>'__- Jll5v+I0 

If rid fff ihr 

HcKliitcreil flud fiuaranreed tKind^ of the Weed nuUrtmd Coni' 

pacy tpeir valued. l»rt of leRaiTr of TliotriHa G* HotlgkhiH - 42;UJ0.lXi 


Totnl jjermfliietit fnad-—^-- 


That part of die fund deposited in the TrcBsuiy of the Unites] 
^States tears interest at 6 per cent per aninim^ under the pi^ivjHipiLs of 
the act organising the Institution and an net of Congress fipprtivetl 
March I 25 iSiM. The rate of interest on the Wesdt* Shore Railroad 
bonds h i per eent per anniim^ 

Tile iwt^unc of the IriHlitiition during the year,, iiniountiiig to 
$fj0,S72»9f<j was derived as follow^*: Int^'resil on the permanent fiind^ 
proceeds fi-om claims in litigation, $SOO, nnri from mis' 
cellaneoiis sources^ 1^1,310*44; all i>f which was depositc^l in the Trf*us- 
iiry of the Cnited States to the credit of the current accoiiEit of the 
Institution 
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With tlip lif on iTiiIy 1907^ tho IoIrI re^ouit'^.i: 

for the y^jir otnouiued to Tlie dishiiTseuieiits^ ts hirli 

lire ^ivon in detail in the nnnnnl report of the exeat1 1 ve comnuttdej 
iimoimted to $O9jl0SHrjr>, leaving n liaknce of $18^766.41 on deposit 
June 30, 1008, in tlie Unital States Treasury. 

The Inst kilt ion wos eliarged b_v Cotigr^^ with th« disijiir??enient of 
the foUowing appropriations for the year iiiiditig June 30, 10081 


Interim donn I ________ $32, 

AmerEiraii KtlmrTciBr.____-___________ *10,000 

Astroplirsftm* OtKserTiitiSfT__—_________ 13,000 

XailuTuii Miii^UTti: 

Fumitijire nml llxtHrea______ __20,000 

mnl ----—---- ISyOOO 

r^Ftt^rtiitirtii iif eotii?ctleiin__„__._______._ lOOpOoo 

Edoka-_,_____ 2; 000 

PiHrtHgM______. - sno 

Iteut uf wprks5liO|a#___„,---- 4,rxS0 

llulktlU}; re[Mllia _ in, 000 

X'nttutiiil Soelijf^lLUl I^iirk______ 110,0(Xt 

Interfmiroiml Ccitnlepie of nicotine Literature__ _ . .___ S,0ftO 

HratOL'tSon and exenvntlou, min of Cflsa UrAnile, S^OOft 

Notv ImnEthisr for NiitlonaE MniieEim -. .. ___ 1,2rJ0. tKKi 


Tut]il___________ 


— The estimates forwartJeJ In Congress in L^half of the 
(rovenmient hnniches of the Institution tind the iipproprialiorni hnsetl 
thereon for tho fiscal year ending June SOi^ ISKW^ are as follows t 


'I 

EiO-HpUf^ 

AtipRsprU- 

linne 

Irtlt^lltLwpinJ SXellBjJBW. , , , . . wmm , . w-,^ r ..-. .--r .... T T r ........ . . tt . . -. - r . . t-t 

IXI^ODO 

ss. 

!a^,€C» 

1 cSDteOQ 

: 

100^ oa* 

^ODD 

m 

i^sm 

1IQ.000 
4a,ouQ 
&,«» 

$si,ooa 

■ALlDtt^^dflU .SIbE lH30&+ ^<1-# + f + + 1 ifL-B a ■_■ i| ■ ■ JU4 «■■■-> <- 

Ft^mlinanctu^ttiE i?l jeO^^.... 

jLiifopbinkAl DlMmEufy ___ _ 

i^iduo 

?iiQ,oaa 

£1,000 

*3,000 

soo 

l&bOW 

Nm-EIqiuJ lliiivninj 

itnd Hxtoim ........i 

HcAnilE Aod lifhOn^p___ 

INLjw4olc^U-ccikinii ....^ .. 

....... 

RfDlol workiilhipj________ 

... 

NfttlonkigEllff^ Art........... 

NaOiifial SSOOlCNilciiJ PMfc........ 

0^000 

i^ooo 

Bcadjuflmjmt oj IsotibOii^ 

iDttmulkTn^l OklHloffTioof UEcrafnPt*... 

T<j4*1..... _ . . . . _ . 

■TUyM 

fn.Mo 



“Oirliig Iv dHlaj In rnWpIf'tlofi of Uift nw ^^PlnoDnl liUll4ina iht* inrq«p«l wm 

tqpAOn Ihe AihpruprlHilimii Cominniw tbnt USO,000 bo ■.pprgprliiilpd ODd^r tbit itrto, 

wbleh wskm dnno. 
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AifNUA.L REFOET SMITHSONIAN INSTITUTION, 1003 . 


One of tJie imjwrtHtil (|tiestions that comw up for coiisldonitioii 
lumuulty is tliut of siibttiitling qstiuiBtcs to the Congrc*6t for lliu sup¬ 
port of the tieireml brandies plM-vd by the Congress iindor the adrnijils- 
trntive eharges of the .Sniitluiouiaii Institution- As the e-vecutive ofli- 
cer of the Institution it is my duty to eareful consideration to the 
ndtiiinistmtitm of the federal branches under its charge and to ascer¬ 
tain as far os possible the needs of cadi liranch. and to see that tlie 
cioiidiisions arc clearly fomuiluted in the estimates and later pre- 
fentod orally or in printing as the tsiiimiiltecs In the Congit*ss may 
desire. 

In considering estimates there is necessarily a decided difFereiicc in 
the point of rieic of the administrative oflieers in charge of the sev¬ 
eral brandies of tlic Institution and die mend airs of the eoiigres- 
sioiiiil npjiropriation comniittci's. The former see dearly i^liat in 
their judgment is needed to make the particular work or dejiartment 
in their diargti etfoctive and a credit to the American people who onn 
and sustain it. The menda’rs of the coiumiltce have a general idea 
of the diaracter of the work being done and its relative importance 
in comparison with similar work elsewhere, and itinc is to ken for 
bearings nnd consideration of individual objwts. lu deciding on the 
amount to Iw appropriated the committee lias also In mind the present 
and prospective condition of the Treasury, the total umount that in 
their Jiidgnieut should lie fl])propriat«L and how niudi ctiii bo safely 
inaigiied to each object to be appropriated for in the act under con- 

I'or I he fi-Hcal ye^fc^ ctuliiif: *him SIO, the eslimales siihiintted 

PNceeded the appropriations hy !fi2yh^2r>. Hefore the time of the 
hearing by the KubcoiiimlttL'e on appropriations it became evident 
that the new National Jliiseiini building would not Iw eonuileted in 
time to make use of tlie estimated $200t(KX> for furniture and fixtures, 
so at the hearing tlie committee was re<iuesteil to approve of $50,000, 
wliich was done. The items of $40,000 for the n^udjustiuent of the 
boundarieif of the National ^oologirfll l*ark au<l SpbO^flOO for alteni- 
tioiis in the Smithsonian building to provide for tlie exldbilinn of 
the art colletuions of the Government \verc ouiitleil by the coiiiuiittee 
along with some minor increases in the estimates. 

In muking up the eslimatcs for the fiscal year 1010 the Secretary 
had to consider, among other matters, the following; 

1. The estimates submitted] by the ofli(T>rs in charge of the sevenil 

branches. , , 

3. The lensons submitted for asking an increase in apprf>priatJous. 

S. The rejection by the Congress of most of the increastxl cstlinntes 

for the fi-scal year 1150S). 

4. Ilia duly os an admlnistnilive offii'er to sul™lt to the Congress 
such estimates as in his judgment would be iieedetl to pro|>erly pro- 
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vide ffip ferrying mi tlie work of Uie fodcrnl bmnches of the Institii- 
iion. 

Not knowing the eonditioti* or reasi>n3 lor the itjcctinn of certain 
e^titnatea for 100&, and feeling that the cotnmittera and the Congress 
had approved of the general plan of operation of the several fetlenil 
branches of the Institution, I have prepared estimates for the fiscal 
year IDIO on the basis of securing efleetivetiesa in adniinistratioa; 
creditable results both in exhibitionj research, and publication; and k 
natural development so ns to compare favorably in the final rcHiilt 
with national institutions of the same type in other countries. For 
instance, I have the feeling that if our Govemraeiit iiudertnkvs to 
establish und luaintain a nationnl zoological latrk at Ihe capital city 
it should noi rank, as it does now, fifth or sixth among parks of the 
same type dsewhere. A carefully coniddcred plan has been formu- 
lated for the development of the Zoological Park, ami the eslimales 
have Iwn made in accordance with it. The sntne has been done for 
the National Museum nncl the Bureau of Atiiericsn Ethnology. 

Exn^mArioNs beseahceiks. 

The resources of the Soiitlisonian Institution arc at present too 
limited to permit of large greiits for extensive cxjdorations or mves- 
tignltons. but as far as the income allows aid is given in various lines 
of I'csearcli work and it is sometimes found [}ossiblc to engage ju ex¬ 
peditions likely to accomplish important results. If funds ttould be 
obtained to Ijc administered under the Institution, the scientific work 
of the Government might often be supplemented by original re¬ 
searches of a character tliat would hardly Iw undertaken by the 
(iorernment, and which would lie of great service to humanity and 
to sekiiCTJa 

Til rough the National Museum, the Bureau of American Ethnology, 
and the ^Vstrophysical Observatory tlie Institution has been miahled 
lu carry on various biological, etlitiologlcal, and a&troph 3 'sical re¬ 
searches. which will be found fully described elsewhere in this report. 

BTODIf;^ PASinUl AH Cl>:ill4Xllf PAl.r,j0STOfJ0ilT- 

In my report was to studies of the older sedi^ 

mentnry nxrks of ih& Xorth Amerit'Hii Contment which I huvi? Lwn 
cttrrj’ing cm for the pELSt twenty This work was continued in 

the Cunadiun Rockies during the field season of lUOT* Early in July 
a cAmjp outfit WAS secured at Fields British CoUimbiaj and work be¬ 
gun on Mount Stephen. Subsequently sections were Htudied and 
niPRsuml at Custle ]^iountaini, west of BanfTt Alberta f at LoS^e I^ou- 
lise* south of Lsiggaii.^ Alberta; and on Mount Bosworlh, on the Con* 
tinctilal Divide near Hector^ British Columbm. Upward of ^0,000 
seaoi2—ttu iftos——2 
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feet i)f stnitji were carefully examined and nieasuriHl^ and collect ions 
of fo^Is; and rockg made from niaiiy localkics. Ii wa.^ found that 
the Cambriiin section induded over 12,000 feet of siiiidsimies, shaW, 
and limestones, and that the throe til visions of the Canibrlan^ — 
the IjOiiver+ ^[iddle^ and lli^x^r — were represented In the Bow Kiver 
series and the Castle iloiihtoiii group. Clinract eristic fiTkSsih were 
foinui ill each division. At the rlose of llie fiscal year papers were 
in iyi^^ dcserihing the sections ine:isiirei.l and giving lists of the 
fimnatt obtained at the various horisdons. liny field season of 1008 
will be spent in Monlamu British Columbia, and AUn'rta in an at- 
tempi to correlate the pre-Canibrian format ioilf nf Montana stndieil 
in lOOli,^ with those detteribe^l by Willis and Baly in ilie vicinity of 
the Forty-ninth pAniUel. 

AKBUf. SAVtUATtOtf. 

'Within the past year there has Ijeen a renewefi interest in expert- 
nienls in aerial navigation, to whidi ibis Institution. Lhmiigh my pi-t^B 
ecessor* Mr. Tjangley, made notable rnntribiilions. Tow^ard tlic end 
of the year the deinaml for litoruiiin! on the subject so entirely 
exhaiLsted the supply of jnqwrs on liand, that a special cflition of some 
of Mr. Langley's more p^>puhir menioirs was is.s‘iiefL It is gratifying 
to me to Iw able to say that his pioneer work in heavier-than-air 
machines, resulting as it did in the artnal demonstration of the po^i- 
bility of mecbanical flight, hm now recei\^eil universal rciNigiiitioii. 

lieddes mimeroiis po]>uhir pn|>ers, A!r. TjangUw wrote two technical 
works relating to the gene nil subject of oerodroiiiii^s, which form 
parts of an incomplete voliiiiie of the Smitlisonian Contributions to 
Knowdedge. The record of his oxperijnenbf from 1893 to 1905 w-as 
kepi by him partly in inannseript form and largely in the shape of 
volumininis noit's and w asteliofjks. Thc-^ have lieen tiimeil over to 
his principal assistant in this work, Mr. Charlisg Afanlyj who has 
been for some lime engaged in preparing them for puhlicutioii and 
adding sudi necessary information, esjTecifllly on the engbieering 
side. Its conie-s within the iiiimetUatc purview' of Mr. Manly% work. 
It is a source of regret that the memoir has. not yet been completed 
for piiblicntionj hut I hope tlml during this year it will be possible 
for the InstiliUion to Issue the volmne, thus bringing to a concbtsioii 
a recortl of Mr, Langley's origbial and epoch-making iNintribiitions 

Cl'aaQiJIfln Al^ilac JotimnK VoL Nil. 2* ITOS, p|v 222-2^ti: Xlouat filcphen 
cDCks acd fosollei 

8ajUhBeiilaa i^XliwIlaoeoas Collections. I'ol. LIU. CaniTn'luii tSi'olnay aial 
I^lcfnitolojQ*, X«>, T\ IOOSk Cembrloa Hecllaim of tac CoriiUleniii 

urea. 

Cleol. Aloofleak vol. 17, ISMKI, pp. t-2S- Ali^klAii forinatloDK of 
nortliweatera MODtanAi 



OF TKE KFCilETAltV. 9 

\o n iintl an art whicJl hid fair to eiigajzc the aUcntion of mau- 

kiml foi' many years to come. 

MITTF^Ua iTKATi'-M ae CA^'CX DlAarOp ABlXetVA. 

An iiivestigntion of ihe remarkable emter-Jike depression at Cnou 
Rijtte, nfiar Cftiiyon Dialilo, ^Vi‘izonaj made in 190T IJ 3 '' Dr- G. P. 
Merrill, head curator of geologfy in the National Jlii-seuin, aided by 
11 grant from the Siiiithsoiiinn IniitUnlicin. brielly mentioned in 
my last year'^s repoi't and a full accotmt appeared in the Smithsonian 
Miscelhineons Collections (t|narlcrly issue) under date of Januan" 
iil, ItKl'H. Tlie "^crater'' is sonic ihree'fourths of 31 mile in diameter 
uml TjOO feel in depth ifi a region of imdisturlied sediment a rj^ rocks 
ami remote from volcanoes- The object of the study was to deter- 
minct if i)ossibk. whellier the crater was t’auscrl by volt^uk airtioii, 
as assumed by some iiircstigators^ or dne to the impact of a mass of 
meteoric irr>n as nsiierteii liy others. 

From the 3 iVEiil 3 ibIe evideuca Doctor Slerrill coiidnded tlmt the 
crater could not have been fanned by volcanic Jictioiij all the olsserved 
plictioiiieiia being of a tiupcrfiekl nature. Some SOO feet of over- 
lying limestone and 500 feet of sandstone have Ix^en shiiitered as 
h>" some pow-erful blowj and the quartz partidi^s in tlie sandstone 
in part fti^d^ indicating a very high degree of heal. The deeper- 
lying ftatidstonc, however, is entirely tindiBTigctl. These facts abso¬ 
lutely preclude the formation of the crater by any deep-seated 
agency, and forces the conclusion that it resulted front the intpact 
of a !;?tellar botly. 

Xo record has Iteon found of a meteoric fall comparable witlt this, 
the largest known meteorites, such as that from Cape York, Green- 
lumb ami the enormous irons from Oregon, htiving faUen under eucli 
ccuidittijus as io .scarcely bury thcniselvos. The nearest approach to the 
Cutsyon Disihlo occurrence was tliRt 3 it Knyahinva. Hungary^ wbeiis 
n GGO-patind stone penetrated the gromid to a depth of 11 feet, 
Xo iiicteoric mass of suAicierit sis&e to have made this enormous crater 
has been brought to bglit, but it is timught there stiU remains the 
[>itisibilitj" of its having tjerome ilissiptited ihrougli the heat developed 
by its impact while travel lug at a spee^l of many nnles a second! 

In his report Doctor Merrill ^ery thoroughly into details. Ilo 
h;is secured many sjiecimcns of the meteoric irons and their associa¬ 
tions from the locality^ wdiich are depoa^ited in the Xational !iluseiiuu 
The specimens include a hitherto unrecognized type of meteoric iron 
and a peculiar fonn of metamorphlsm b the siticeous sandstone of 
the region. 

Mining ojvemtions carried on in the crater affonled si>erial oppor^ 
tunity for this rtsean-h. These openitions were flisCOntiTiiied during 
the winter, but Uieir resumption in May, 190S. presented n ^ond 
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opportunity for the oWrviation of the unique pheriDiuenii nt the 
cmlery und Dwtor Jlerrill wos unthorizie^l to proceed fk^uin to ^Vri- 
zonj^ to be present during this second, und probubiy final, series of 
drillings. The greatest depth reached during his siny at the crater 
was S42 feetj and the results of Lho examination of the eiectaiiienta 
thus secunn:! coiifirrue^il the fonner coneluaiou. Several l)oxes of 
speciiueftH hearing on the subject were forwarded to the Ini^tituiioiii 
wdiere they will be held for ftitiire reference and t^tucly. 

ACiis:R;AS ixrEumo?«. 

In my hist report tiienlion w«:s riiade of an exjietlilion to lie made 
to the Yukon country in Alaska for the collection of the rejiiains of 
large extinct vcrfelirates, particularly imimmnb. A SmUhsuniaii 
cxpcdltiiij] had been made to this region in the stiininer of UP04 by 
IIth Maddreii, llic results of which were published liy the TuKritution 
in lOOo- The pie.^^nt ex|H^ition of I90t was in charge of ilr. C. W. 
Gilmore of the National ^luseuiiL Tlie results of the explorations 
have been published in the Smithsonian ^r!st:cEla])cous Collections 

Mr. Gilntore was not successful in Ending what was most desiredj 
a fairly complete skeleton of a mammoth^ but. the expedition wan by 
no means bari^n of results. He found that scattered remains of 
PlciiiU:oceiie aiiitnahi occur throughout the unglaciated region of 
Alaska and adjacent Canadian texritory in the black muck uccumn- 
laletl in gulches and the vallej's of the smaller streams, in the fine 
elevated days of the Yukon silts, and Kowuk daysj and In the 
more recent fiuvial and alluvial deposits. Some of tlie specimens are 
so well preserved that they could not have traveled far from the 
original place of iiiLemieirit, while many bones are broken* abiaded, 
and Avatenvoni. Mr. Gilmore gives a list of the various genera urn] 
species of e.xtinct vertebratt^ thus far reported from Alaska* followed 
by a brief review with a number of illiistmtions. He 1>e]ievi?s that 
Avlieii more perfect ninteriiil is available it will l>e fotiiid, prol>abIy 
in all instances, to lie quite distinct from llic living fortiis. The 
sknll of an Omboit was found sufficiently coiupleie to warrant ItiS 
separation from the living form O, to which nearly all 

musk-ox ruatetlal from this region had previmudy l>Een j^eferred* 

ODCki^T or ti£i: ujfl. 

The iuiestigation by Mr. Bailey Willis of the current theories of 
Alpine structure, under the grant approved in liK)7, was successful 
in olfcring opportiiiiities for consultation with leading European 
geologists, amoug whom Avere Kothpletj^, Sufessw Tmgeon, ^^fargerie, 
and Saccord. In coopera tiou with several distingubJied .students of 
the great problems of tlie AJp^ Mr. Willis made detailed studies of 
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LTitii'ttl tli:£trictss and was thus euahlotl lo compare ap)x>suig tbcoms 
by object lemons on the ground. Sir. WtUib's full report Is expected 
cnrJy in liHld. 

AUSatCTE liEABCBEllEK? OF fiOUKa 

Dr. A. G. Webster announces the approaching complelion of his 
research on the nieasurcment of sound which has been in progress 
for two years post. The Invcsltgntion comprises oji exhaustive trent- 
ment of ttje iheory of the productlou of sound, with a description of 
n standard source, the transmhsioii of sound Uuoug^ the air os 
nicHitfied by ilie clfeci of tlw ground, and its rneasiirement by n 
receiving instniinent. A description of exjierimeiits coiihraiing the 
Iheory of Doctor Webster will be included in Iiis finished report, with 
several j>nictica] applications, such as the examination of the sounds 
of speech, the diagnosis of deafness, (he improvenirni of fog signals, 
and the testing of materjals for Uic insulation of sound. 

RECALCI.’UTIOH DT ATOMIC WKICtlTS. 

Ill February, lOOS, Prof. F. W. Clarke, chairman of the Tntema- 
tionul Coni mission on Atotiiic Weights, was uutliorized to l>egiii tlie 
preparation of a third edition of his work on that subject, with tlie 
aid of a grant from the Snuthsoiiian IiLstittition. The second edition 
of Professor Clarke's Atotnic Weigiits was published in 1897, since 
which tiiiiH Uie data on this suhjeci have iso largely inereai^d os to 
render a new edition desirable. Some time will necessarily elapse 
before the completion of the work. 

I'HurcKTiea or uattkb at TouetaiATt'tiE of uqiiid aui. 

In October, lOOT, a Smithsonian grant was approved on behalf 
of Prof. E. Is. Nichols, of Cornell University, for Uic continuation 
of bis expwriments oti the properties of mutter ut the teniiHjrature 
of liquid air, Hcpoits of the progress of this research are to be made 
from time to lime in the recognized journals of physics and, at the 
completion of the researcli, a memoir describitig the invest!^tion 
will be subniitteti to tiie Hmithsoniaii Tnsikution for eonsideration 
as to piibl Lent ion. It is believed tluit tlie prompt announcement of 
rerndts in the way mentioned will be an immediate advantage to 
Ktudents, ami that Uieir piiblicatioti as a whole by (be Institution 
will also prove of great service. 

aoTAtficAL. oeiiaAiK'irEs ih CALtroaiiu. 

A moderate grant has been made to Miss Alice Eastw'ood from tile 
Smithsoiiiun fund for the critical field study and collection of the spe¬ 
cies and genera of the plants secured at lire type locality, Santa Bar- 
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bam* Giil.^ by Thomus XiiltalL and piiblialietl bv liiiw in 1S3S to IS^L 
Some of these species iiro now well known, but others have neverl>eeii 
collectetl ajul amin^d since t!iey were foiind by Nuttalb and seTcml 
are know'n to hi' niLsurulcrstooiL Ttie collection Miss Enshvood is 
now mjikitig will be valoahle for the series in the herbarium of the 
Kational liluseiini. 

rffiKP*WKtJi TEatrtlM.Ti'^EEE- 

A fuoderate Smithsonian grant wns approved nn behalf of Dr. 
William Hallock. of Columbia Gniversityj to assist in the investiga- 
tJOii of temperatiiri,^ in a deep well near Oakland;, Md** for piirpft^es^ 
of geological research. 

l^^^Ti^’riOATIONft UNDER TitE llODCiKlNS lUNO, 

I have iipcen a good deal of consideciition to the ile^ of that por¬ 
tion of the Hodgkins fmid devoted to the incrcasi* and diffusion of 
more exact knowledge of the utmtfepherit air in relation to tlip wel¬ 
fare! of rnjin. Wliile much valuable w^ork has lieeti done under thb 
fund, it ^-ms to me that it would be more in coitsoiuinee with the 
ideas of the founderj if at least a portion of it niiglit lx? employed 
in some way to aid in the knowledge of the preveulion of disease 
and iU cure. I have been in wrrp-5j>undetice with ses'cral specialisUi 
and hope to be able to initiate stuuc useful mv(Ktigations along theao 
lines, 

HDiKnkJXe? rrND nnut fdm: esaav on 

Under date of February 3j il>08^ the Tustiiutioii issued a circular 
announcing a prize of $I,rjOO for the Ix-sit treatise ^On the relation 
of almoitpherie air to tulxuculosis ihai should hv oiTerwl at the inter- 
Eiatiotinl cotigi'css on ttilx-milofeis, to be hold in Washington from 
Septeadier *21 to (>ctol>vr 12^ liN>S. Tim eirculnr rends as fnllow’s: 

AUITEISOXIAX IZfifttlrtrriuX—llOnOKlJffH-FUSU 

In OetoWr, 18111 + "riJoniHii Oixute of ISetauket, X. made a 

duaaltuu to the !?aiStbfloiilnii luHtltallou llie Income frojii a iiarl of wblL^a woa 
to hv: deToiet:l lo ” tlie lncreaoi; and dllTuiilEin of more exact kiiowletlja^ la re^piril 
to tln^ nalurv and of ntmoKrlH^rk- nlr In (.-onnecUoa wllb I be icelfare 

of matk-" la flirtberaiiiee of tbe iSouop^a wlaU^-H, Urn SmlLbsoatan iDstltntloa 
tuia from tLiue to time offt>ml iwlvii, awiinlwl made mauls for luves- 

tlpitionm and DmihhI imblleal loqi^ 

III eonnocMoti with the miiirtiaehlnj; InUTUttllonal mtiKreHa on nituteatmiia, 
wtJeli wlU tw held In Waalalnsloti. Sentctalier 21 Id Oetolier 12, inucH, ti ipHio 
of fLCOD In oOferisl fur ihe beat tn'mlne ” ihi ibr ri-latkin uf nimofiptierlc air tfi 
tntK^realoidfr." Menjoln Imvlnjf relation to the caalk^ imveutSofU or 

cure of tulicreoliiiiii are SiKladi*d w^lUila the K]eu4^?al tytaw 4>f iln? 

Any nicnwlr rend tM^foir the tutenmUonnl viinpjri^ nn tulH-ir^ulcwln^ nr setit to 
tlir HmUhihUdaii laatttalloa or to thit BX^^tetarr j^eqeral ot ihe t>rrom 

Ua iiUuKu unoielri t>ctotrii?r 12+ lJXXj+ will he comddered lo the eocaiiotltlon. 
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Tht^ mMU^oira Miiy hi* hi EEigli^Alj, Fruiicli, <k^riiiiLU4 Bpuolsli, or Italliiii. 

Tboy Hliould ht> fiubmlUed dibor Lu luauuscjiiit or ty^KwrlttoQ coi^yv or IT in 
tyiHf, prliHeJ maiiuF^rEiit. If wiitlou In Gt^mifiu tlii^y, Rboulil bo In Ijitlii 
script, TlM?y win be cxaoUiieil nnfl tlio prlic awnnloil by n wmmitteo jiih 
iKiInteU bj tbt? Serrvtnry of tlit* ^iiiRh;:DanlEin [n^tltntEon In eoi:Ui^Dt'tlou witii 
tbu otOLtTH uf tb<- hitprujillooul mt totiercuScwiK 

RuL^b inuiuolrtt umjst not Imvo Lha-ji iiubll&bi.Hl prior lo Tlio 

SailtbsoDlnn Inetltutlou nowrve^j tbe rltthl to iniblLiii tLo truiLtik! to wlilcli itn 
prito" bt uwufiloil 

No eoudlttoiL rtH to Uio k^uglb of I hr tttutlHefl M ditahlliib^l, It belnj^ OKpocted 
thnt llio pr£Li!tEml rcHullaof Lciiportiiiil Jnvodtlgnthihn will IhmsoI forth ba uron^iit^:- 
lugjy Etml terwly oj» tbo sxibjoct will jwrruJt. 

Tliu riiflit In rostiTvwl lo liwiird iso priEo If In tho Jtidgiovnl; of ibc commit tec 
HO ooiilribntlou La oltcnK] of audU-ltmt luorEt ic ™rraitt Hucb notloiu 

Mt-iuolr^ doalgiiotl for coiidblurutloB ^Oiuuld he JiddroKR-d ly cLtbyr Tho 
^niltliNOiiTnii Iiistltntlou, WaBblogtiUL. IX C,, U. A-," or to Dr. John S- 
Fulton, aecretnry'i^cnonil of tbu hitirmatloual cauj^cN.*? on tuticrculoNJ^p 714 
roSunailo lltilldhi^ WnabiDkdoii, D. C, U. R, XC" FurUiyr lufoniuitlOTi. If lU^ 
ftlml by iior&dHH ltitt>cLiJkiig to bwonio coiupotltorRi wUl b^ furnladiuU on 
tippllcntlou. 

(*n Aia.vM i>^ WAt^OOrr^ 
j^rrrt'ilary of iht £mhh«oobiii /nalhtifioii. 

H coniiniltii>o to awiird this jmm thp folktring gciitJcmen luive 
conspnletl to iit*rve: Dr, Welch^ of Johnsi tloijkiiL^i. cliiiir- 

iiinn; Dn John S* Fulton, ^yKrrclaty-general of tin? HJiigrwe^; Di\ 
Siinoh Floxnvr, tliiwtor, RockefdlcT lu^Lituto for Medical licscapchj 
New York? Dr. (reorgp M, Stcml^erg, Surgeon-Genoral^ D> S. Army^ 
rtdirml; Dr* Hermann UiggSt York depart inns t of healthy Dr* 
Georgi* Dtk k, of the University of Mk-liigau; and Br* Williiim M. 
Ihivis^ of Ilurvurd* 

ruow or aib at mioii rktya^-itF, rtisatran a t^czzi-e- 

The inquiry to detenuitie the cooling effect of the nozzle expan.sioD 
of air for large pressure differences, wludi has Ixjeii eondiicteiL by 
Prof, W. P- Bradley, of IVeslcyan UTnveraityj with the aid of a grant 
from the Hodgkins ftind of the Institution* is announced as nearing 
completion* The investigation was intended ijpecifically to detenuine 
whether the cooling process is due to the Joiile-Thotni4on efl'i:^ or to 
the performance of,externa] work hy the expanding air in pushing 
hack the atmosphere from before the unr^zle, Tlie results of the in¬ 
quiry make it edt^r thiit pressure is an im|>ijria[iL factor and ihat the 
cooling effect increases very rapidly indeed as the initial temperature 
falls. Profi^Ksnr Bradley is now engaged in an exact matliematical 
dlscu-ssioti of this research. 

As to the apparatus employecl, an interchanger of the llamptoil 
tyjM? was so eoiOitmclecL in vertical !aM.^tions^ that llie amouiit of 
interxduiiiger surface in actual use could he varied at wilh from iiotli- 
ing lo more lliao enough to induce liquefaction. In thiH manner it 
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wm potable to niniiituUi tlw iiiitifll t^?iiii}ei'atiir« cotistant. within one- 
tliiit] of u JegroeT nt any dcsii-ej point iKstwecn +20"^ imd —120'^, luui 
tliL* ruial temjwatiirG fdniilni'ly eonirtanl bctwc<jri +20"' mu! tlm iiim- 
j)cralure of liqucfaetiDii. The tempera lures were by resist¬ 

ance thermometers placed elowe to liie I'njves in the liigli aiij low 
pifissiire ctJrnitH^ The pres^'ureii eiiiployed range from fiOO ponnils L<i 
^fiOO pqmidji. The expansion wuii exclimiv'ely to one atmosphere. 

The inquiry ia of interest as related to the ftinetioning of air 
liqiiefiers in which the air U ihrottlcHl hy a valve and expands without 
perfoniiing external work, in the usual sense of that express!om 

»fi;Tiy tat Tiie ueera atudefuiuijl 

A further gi'unt from the Hodgkins fund was made to Prof. A. 
Laiwrenee Hotcht dirwlnr of tlic Blue Hill Sretcondogirnl Ol^^erva- 
tory, to aid in Ihe coinpleiioii of hia experiments with balhiiis-soiules 
at St- Txaiis* ‘This was accomplished in Ch'toljcr and Koveniher, L90T, 
under the direction of ^Ir. S. P* Fergiissom 
The dbjecl of tliesv latest ascensiDns;, 2t in mimber, wus to supply 
data for the high litmoapherc during the autumn, a se^iiOn when 
there are few c^Bcr vat ions, and also to CHlablish a com pari s«iti with 
the results obtained simidtaneously in Europe on the international 
term days in Ckrlober and November, Professor liotch reports that 
all hut two of tile Uistriimeiits used in tliest* ascensions were rerov- 
cmh and un examination of the recortJ sheets indicates giuierally the 
prej^eiiL'ej at an altitude exceeding 8 milu^^ of the isothermal^ nr i-ela- 
lively warm strslmi^ which was Found some what lower in ttuumier. 
.For example* on ()ctijl«?r 8 the minimum tem|jeratiiri! of tK)® F, Ijelow 
Kcro WHS found at a height of 47,000 feeb whei'eas at the extreme idti- 
liide^ n^ached—iiaiiiely^ ijd-lW feel—tlie leiinaTatiire had risen to 72° 
F. below 55ero, Siinihirly* on Octobcw 10 the loive^t temi>erature of 
80^ F* below ssero iiccurml iit 32,700 feetj while 02^ F^ Ix^low z.erri was 
recorded at 42,2(Kl fei^t, the limit of this itscenaiun, showing that the 
temjicratiire iiiTeraioii liad coiiie down aliout SjOOO feet in two days- 
The prevailing lirift of ihe Im I loons during the aiitunui of IWT was 
from the northwest, while in previous years they l^ftveli^d lucire from 
the w'(.*sL A description of the method,s emploved in laijuvhmg 77 
hallous^sondes from St, I»uis and a discussion of the re^-ults obtained 
will s4M[ai aiqioar in the Annals of the -Astronomical iJliservatory of 
Harvard College- 

Ata *AC0 ow Tint rioKos, 

Far several years there have IxTn in progris?® under the general 
din^ction of Prof- von Tjendciifcldj of the University of Prague, aided 
by grants from the Hotlgkins food, various itivesdgationii Ijcaring 
iifjon aninml liiglit* The results of one of these investigiitiojis, on 
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Th^ fiir iisies of th^ pigeon/" by Bruno Miillor, was piiblifihed during 
Ujo piist year in tlie Smilliiioiilaii Misctd In neons Collection's. Tbe im- 
liior .sninnmriKeei tlio couclnsions of hi^ sstndliis us follows: 

[ do not cooKlOer tUa utr iSics, tocladluf? tbc nir CflvItlM of bouep. An or^tm 
having n ipcwiuvit Eiud Ef|^-iuL fiinuinm, bnl mtlicr aa n of empty inu^t- 

tfjKUvA. TLfiSr vfiliie 3See iU thuLr tliut Ss, In tlieSr coiitnlEiSiiif notlilug 

ttuit offcm r^^stance «r Iidv ao weligliL 

Fly Ills \n Uiy form loeuuiolluii, ami as sndl only jrtMsIble to a iKKly 

uf h\^ niLeliJiDLcal cllU-leiicrr, Our moFt eCftvtlvt> AnidiLiies uro by no nn;iias 
numpuct and Bolld, but ciiinlMJtBud of iwrta afl strong ufl twsslble Ui ibyiaiwlvos 
luiil arriingoa In tbe moat approprlnte cimiuior, Tbe Interspaceii lictwthen rlie 
jiiirts aft! left omply and takiiD up by filr. 

Tlie SiinpoiHsldu, ut ibe lime tJiey obtutiiod tba jxiw-er of diKUt, bei-unta ndaptod 
to ItH niEClioult-dl n^ulremnEiio, and tln!rd:»y dUullar to tbe etm-ieut nmcbliiaa 

iiK>iiilojiea plM^ve; tiiey dltefsioil tliejnatlves nf all aopariliioua matorlnU tiding 
tlii- tuMJy H|iaeea tiius H.4;dalupd whh fltr sues. Wbtlu tbo body wall, adapt log 
ln*elf to Um; inucbualcail miuireniiiin* Locaine u ititalsaul, lioElow tylLuder isut-vlng 
HU. li HUptiort for tlie organs of nitivujiii!iil, the niubMilty iif I be iMirts ivas R(MniiOtl 
by surrounding tboini with olr yan,’*. 

TUe leuKibaiilng of tbo neck, pfoiliicisd by iiultn a dllTertait adnpnitlon, made 
iiweHsai'y an JurroOBt In die ituanthy of nIr lutnrcd during roaplrqtlun* TbH 
ilDaiand was utvi by air currents nefiemlal tbrougli a rliytbmltJil obituge In 
tbo %-olunH.H of I he air saci^. Tbe wunecUon of the air hick \xi!b the tnugs Is a 
eoiimineace i^f Ibi'lf nLylugeoeltc ibneltipnicfd* whleb Is peiipoM In tlieir 
einbrytiU^giad ilmnlopuitiit, and Imw tii> idiyslologinil lapmlilooiiea other than 
that Tbt^ air «mis uawlst to renewing tin? nlr In Ujc tnicbeft. 

MECHANICS or Tiir mani's ATUDaPJittnt 

Prof. Cleveland Abl;ie, who has rnctdvcEl a Hodgkins grant for tlic 
prepanitioii of a i^ond volume of tntu slut tons of import mil foreign 
nieinoirs on the mechiinic^ of the earth’s iitiuosphumj has al>ou! com- 
]ileted this work. Tlit* former collection of trunslations on thin Miib- 
juct l>y Professor Abbe, [Hiblished in 1SS)1 m volnnie M of the Siiiith- 
f^onian iliscellmiroiui Collect ions, has lieen widely used and t^'cogiiijfi.etl 
to be of importnnt service to thoso enguged in the study of modern 
dynamic nieteorulogjv 

s\pr^ sooLOorcAi, statiok. 

For the pnst fifteen yeai^ the Smithsoiiion Institution has supported 
u table nt the Naples Zoo1o|peul Station and oftered its facilities for 
study to biologists recomtneaded by on advisory comniitiee of enii- 
nenl specialists. During tlic pa-st year I have Iweii aided by the 
prompt and helpful action of this ooniinittee, whose membtirsliiip con- 
liuncs the Kiiiue os liereioforc. 

The Dcctipntioii of the Smltlisunian (aide was approved on behalf of 
J(r. J, F, LsMvis, of Johns Hopkins Univeiiiity, for tlie month of 
march, ItKW. His actual stay, however, exceeded that jicriotl by sooio 
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iwu wceLs,. Air. Lert is huA wi.ibniitle'fJ i^ti uiitlim* of his work, in which 
he says: 

^ly WMrk lit NEL|ili'« wits In o^^ntlimuiUp]] i^f llEieA i>r ioTcgtijpiltun iLtrc'Enl^ umler 
wiy, I I: wTHTtaTcfl nuiliilr 111 tho mlli^tlnn iiTid pncHcrviitJaii of iwatcrliil fnr ii 
I stiulj- of Rli(»tlo|ili^'L'wa!, wltij a vIjtt to (^albi^rlnit fviaem-e us to 
p.sH!nc of Eho ri^nuirkiiblo JiUi-miitluii of ^^^icnitEoiui Jo this Kroup of plants. 
iiJiterltLl wsiii cvlliTtk-d mid «irGfiilJ>^ pi^hsc-i^pd of roor'fm'a^ various 

i9i»eeli?M of CamUit^innimi, find oilior tcirtris. My ciimtHimiively ebort rttny nt 
Sr\>U-» lifeihidod my luaktii^ at tLo time tlip mrcfui cytrihi^Eciil lnvi^tl§pit]riii 
wJjU'i* muKt iJrifi.Tste tliv ^Imnlnit fpf rniy ronirliiiflou# aa lo the prcisciiiep or nt^ 
weuw or ulti^miitliHi of geiiomtlouii Ja tiie forms Htudloci Tbli^ Investij^iKm In 
now in jvRijTrtT^ ond shouid Scad to dcdtiUe re.sLiUs of rtmio tlioorcriciit vaSne, 
Dnrlni? my Klay at Nniiica I also Invc&tlflatiTd tlic pc-rloclklly In rl;ifc> proUurtloii 
iu iKowXiiul c-ells of fJinIjfofa dUjh^ti^mrs, -yhln milijcvt tins hi'po InvoHtlipttod Uy 
J. Lloyd WElllniiJS im tbc eoctEls of En^limd mid Wulus. mid |iy VV. D. IJuyi *m 
our own AlliintJc coast. In Kotli coses It been loOinJ tbilt ibc prodtu tloTi of 
Pi'^mil lylls liCTini n very ilebiilth rciritjrm to ibc claiu^h^ iif tbo tldt^. Ie was 
LlKiniditp tijcrefore, to Lo of sfioeliiJ IntcrvMl m nml bow Uie-e^cj/u lM.buvcK En seas 
wLere tlic tides nre ver>' all^Lt and ttOuE lubucucfaf nrn- atciiost a^^Jidhli^ 

TLe rc^KnlEH of tUlw Invcatl^mtloa art' practlcolly ready far pub] lent [on. 

Prof. F* AT. Antlrewfi^, of tlie Uiiivei-sLiy of TiHliana, itwiverl the 
npiKiiiiiiiirnt to the tiihk for iJie iitninlks of April niul Muj, lOflS, 
^iii^ theix- from n [wriotl of lesenrcli work with Professor Pfeifer, 
Ht the UniversJly of I^ipzig. At NiijjLe>^ Professor Andrews wiig 
engaged on a probletn jri plant physiology, ii sitmnmry of the results 
tif whieli will'receive tneotion when subinitied to the rjiTititiition. 

Dr. C A. Kofoid, ns^iate profcjssor of histology nml enihryology 
in the IJiuyersky of Califomia, and assistant diiXHrtor of the San 
Diego Mjiriiie liiologiciil Station, will occupy ihe bible for llirix" 
inontlis from Jannaiy 1, IfKKJ. While at Kapk^ Doctor Kofoid pro- 
pep^ 41 research on st^xual reprotluetion among DinoHagellnta, as yet 
itnkiiiw^Ti in marine fomis* He will also study^ the (lyiiimKlinidie, 
which oin done only in the living eonditiJn, as they resist ull 
atlempls at fixing, [n, addition to tlie-se inv'Gstigations, ho proposes 
some esi>erimciital work on nutotoniy in Cei'atiuin, with tcfcrence 
to leiiipcnitnre and vertical distribution in the sea. 

The iippllcwdon of Dr. M. F. Guyer, professor of aoolotty in ihe 
I iiiTOrsity of Citidnnatif tins U»« uppmviHl for April, May, and 
June, U109. Doctor Guyer Kns coutrilulled to variouii scieiitiflr puWi^ 
nitbn<i urtldcs airuaily well known, dcscriliing liis iiivtstiealiorui, and 
on tbe clone uf his lutrn at Xaples Lj exijet tetl to send u brief outline 
of his work there to the Institution. 

To avoid the com pJi rat ions which may arise from llic overkjjpitig 
of the dates of apiioinlee.s to the table, a lon|»er time is at j/rmeut 
allcwetl tH-tween the approval of an apijoiinmeut and the (ime of 
oocupaliori than was at first found praclicahk It is hopctj thai this 
plan wiU allow a wider choice in the selection of dates, and tend to 
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innke tho table flvailiibie for the U!§c of a grealor number of investi¬ 
gators thiiii eoiihl otherwise Iw in?eon:imo(lutiH3. 

In the past fifteen years only one injjltinee tins occurred in which 
un invctiti|f[itor fins applied for the Sniith-sfiiiian seat after hming 
asketl the privilege of (icenpying another table for the same [KwitHi. 
The confusion which necessarily results from such action will be 
rendily appreciated. To meet the wish of the director, a double ap- 
pointjiicnt on Mialf of the Institution, for even a limited time, is not 
approved without inquiry as to the convenience of the station in the 
matter. It shouhl Iw again noted, however, that the director of the 
station is always most courteously ready to arrange for tiie accommu- 
dntioii of more than one appointee when, on being notified in advanco. 
ho finds such fiction practicftble. 

^•VniACATlOlfiJ^ 

Three ^series of puhlicntions ntn niiiintained by the TnstUiilion 
proper, (1) the Smithsonian Coniributinns to Knowletlge, (2) (he 
Smithsonian Mlsceilnncous Collections, and (3) the Annual Retwrts 
to Congress; while under its auspices there are issued Aiinwal Ee- 
ixjrbs Proceedings, iitnl Bulletiu* of the National Museum, Annual 
Reports and Bulletius of the Bureau nf American Etiinology, and 
Aiiiiais of tim Astniphyaical Observatory. 

The Smithfionian Contributions to Knowledge ure ivatrictqd to 
£Hisitive iidditioiis to human knowledge resting on original research, 
unverified siieculations being excluded tberefrom. The biinillisonian 
MisadJaneous Collections contain reports showing progress in {Mirtic- 
ular branches of science, lists and synopses of s^jecies of the or^nic 
and inorgiinic world, accounts of explorations, and aids to liiblio- 
gnipbical invostigatioiiE, * 

Three inemoii^ of the Smitiisonian Contributions to Knowledge, 
which were in press at the close of the last fiscal year, have heon com- 
pleti^l and distributed. One of these is a tnetTioIr of 147 pages and 4’2 
plates by Dr. William ililtell Sherxer, giving the results <jf his stud¬ 
ies of tile glaciers of the Canadian Rockies and Selkirks. Ductt>r 
Slieraer explains the pliysiographic changes nf the past mid those 
now ill pTOgtijssi in these negioius, and gives the results of his olss'rva- 
tions on the structure of glacial ice and movements of the giaciers. 
The seettnd completed memoir of 7fl pages and 10 [dates is hy Prof. 
E. A. Andrews, on "The Young nf ilie Crayfish Astacua ami Cam- 
bams,” and the third memoir of 231 pages and 13 plates is hy Prof. 
Hubert Lyinnii Clark, on “ The Apodous llolothurians, a Monograph 
•if the Syuapti<]a' and Mulopodiidie.” including a rcijort on the repre- 
Hehtativus tjf these families in tlie Katinnul Musuuxn cuHections. 
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To meet tlit* cuiUiiiiicfl ilejiiiinj for ilut rin'umir by thi; Iiilii Swretiirv 
T.siiiji'ley on '*'1V Iiuonml IVork of eIio Wiini” fli^l iwiiieil ili 
H [n!>' vditiuii hus bc€ii ynt to prc^, iiddijjg to Ibu originRl n 
iruriiilntiiiii of jj ‘^Solution of fi Spi'cSul of tiu' fu-iierul Prob- 
leni/’ by llhiv dc *SAiia.ijre, which uppeiirwl in tlie French dliLion of 
the work in iSffS. 

fVirty papeiTj were pnbiyjcd in the Smitkwnhm MiHceilfliieonK Col- 
lei'tion.s during t3ie ywir, 3ii of thuin aggrogiitiiig 500 pages, in tlio 
quarterly ijisue pf iJmt sericj,, uiid 8 papers, 04T pages, in the repidnr 
Fieri IS. Those papers cover a wide niiige of lopios, ns eijii me ruled by 
the edUor in his report on publications, 

Tliere wjis published in the Smillusonian ^ilisecllutienus Coll eel ions 
w paper on Tiie JJeveloptueni of tljo Anierieuii .yilgator " tWrib- 
ing iJie MFsiihs of investigntions by Pitjf, Albert M, Reese, of iSym- 
ciise Imivei-sity, who had Ijeeti aided in hbf work by a gmnl from 
the SmitiisKjnian Institution, A Inief paper reeurding the oliservu- 
lions Ijy Professor Reese on the breeding habits of tlie Ploridjj alli¬ 
gator was pnhihihed in tlie Qitimerly tssne of tlic ,MiseeIhineous Col¬ 
lections under date of May 4, liW", 

A Volume of the t^iiiithsoninn Miscelliiiicous Collections will Ije 
devoted to a series of papers l)y tlie secretary on Combrian geology 
and paleontology. Two pajitm of this series, ,Vo. 1, " Xomenclatiiiv 
of Some Cord i I lorn n Forinutiona,” and Xo, 2, Canibrlan Tritobites,” 
were piiiilished before the dose of the Rscal year. Three additional 
pajatrs were in proof form at the dose of the year, namely. Xt> 3 
“ Caiohriaii Uj^diiofj^Hla: Ueseriptions of New Ocneni and Si»eeies; *’ 
Xo. 4, " Classification and Tcnnincilogy of the C'anibrian Biwdii’i- 
pttln; and Xo. o, ‘^Cambrian Sections of the Cordillcrun Area/’ 

The scries of Sijiilhsoninn Tahlra continues to be in deiuiiiul \ 
revised (Siition of the Meteorological Tablw has Iwii published and 
a revissd edition of the Physicid Tallies was in prepafutiofi for the 
printer when the year dofled. To this series of Jfeteorological Physi¬ 
cal. rtml (ieogmphical Tables, there will Ije adilwl a fourth Tohime 
“ SmitiLsonian Muthenuitical Tables; MyptTijoUc Ptinctions,^ ,>re-’ 
parwl by Dr. George F, Bc^-ker and .Mr. C. E. Van Dt^lmnil. ’Hiis 
volume of between ‘ICO unil 400 pagts ia now in press. Iji the intro¬ 
duction to the work the authors say; 

T1k> timrbdle ftmetJana sire unmed tie hfperbnllc (ttne, cosine, mnaeat 
retrtueent. womt. and ciawcaat freni tliolr pltwe niui],^ to Ihe dieulcir fnoL-' 
tIraiA tlie tnnBent HelFia the rntlo ef the hJlH-rbollc sine to the eoaliiL- aiai tliu 
otJsFt Hirett ranetloas telng the ret>lj>rw.iih( of tbeWF, ne Ip ctrealar trkoiinin- 
ttry. They ere UHiuiUy ileiniteil hy adillna A i,> ihiF syuitHils of the clrcoliti- 
fDDctlous. ea cosh n for lUo IwiaTlxillc cosUie uf h. sinh u for tlw liv-wrtHille 
U\nv of fif, V!tk\ 

Tlie am and EUiMt liniatrteut it pM lea that of the fiiaetleiie now Known as 
]« twrU)ile wtLs inaao by Gerhard Mercator (Krewer) wIkaj he lMu«t tUa mef 
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on Mf?rcntor’s [iir«J«‘tSrnit” lu ur^ Kiy, In wtillf* HowditrU 

t:\vm tijf? dtilc m a545<L To f\il» iky isubstiiiitlnlly ml] of tin- rmvlipi- 

Uoii of tlio world k aiTri;w.l on tj-y tlie Jiolp of tldfl projoctlou, wliLt^li Ms boen 
iiioiyiSt>il only to the extent of oorrcctSni^ the werfdlonnl [Mirts for the clllptielty 
of tbo merSiliHU* 

The Annual TJeport of the Boitril of Kegent.s to Congress:* puhlLslietl 
iiniler an jiihdniojil granted by Ctmgre^ts* eoiitinne^s to Im? the prineipal 
moiliiini tliroiigli wliieb the Institution tli-ssenumtesi scientific itifor- 
iiintion to the world at large. For nearly sixty years this re|i(jrt 
ULi.s iiuducled nn appendix recording progiTs^^ jti difTereiii Ijranclios 
of kntjwledpe^ the aitielcs Ijcing coniptliBi largtdy from journids in 
foix'igii lunguages anti the imuiyietioiis of seienlillc and learned 
s^icieties tlironglKHii the world, rontprising materiul othenvi?^ not 
readily accessible. It i^ im[»o«vsiUle to tnect the popnlar demand fc^r 
this pnblieatioti, even from the eonsiderahle (nlition authorized l>y 
Cnngn^Sj so that llie distribution of the fjOW copies at the disposal 
Ilf the histjtution must therefore Ut largely limited to libraries and 
institutions where the public may refer to them. 

The mOT nininal import was in type, hut pTf^work eon Id not he 
eonipletct! Ix^fore the elfw>e of the fis^ul year. This volume includes 
2fl articles on the etistoniarj' wide range of topics. 

The puhlJeatlons of the National Museum during the year included 
the imnifcol re|>ort and a large number of [^pers of tlio bulletins and 
prciecetiiiigH, mentioned by the Bssistant KPcretury in Che appendix of 
the present report* 

Tile twenty-fiflh nnntinl report nod three hulktitos of the Burcmi 
of American Etlmoingy, ns also u special pnhlicatioti on "Iiulian Mis¬ 
sions” were issued fluring the year, and n number of workz^ were in 
press when the year closed, Including a bullet hi cm ^ Unwritten 
Liteiaiure of Huwtui^-^ and Part I of ^’lIundlXKik of Amcricati In¬ 
dian Languages/- Part IT of the ItiintlkHik of Anierimii Indians 
is still in pre.^, the tTiticral diameter of the contents of this work 
rendering rapid progress nriilesirahle. 

The first volume of the Atitmls of the ^Lstropbysical OIjservatnry 
was puhiished in 11)05, and tlie sccuiid volume, recording ibe results 
of investigations from 1000 to IDlTtj^ has now been puhiished. The 
research described in this volunie ie a continuation of observations on 
the reiutions of the sun to diniatc and life upon the earth, a line of 
investigution inaugurateil by the late tSecretory Langley, 

In complianee with the acts of Lncorpoiistion of the .;Vmeriean His¬ 
torical .iVssuciBtion and of the Notional Society of the Diiughtens of 
the Amuricaii KcvoUitiuii. the annual reports of those bodies ware 
submittctl to the weretaty' of the Smithsonian and transmitted to 
Congress* 

The Department of State has transmitted a number of reports by 
American con^jub bearing on the Indians of Peruy Education in For- 
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Uiosn, ami other topics* sotne of it'hich have been printed in the 
Smithsonian Miscellaneous Collections. 

The monograph on TjuKlmarks in Botanical History, referred to 
in previous reports as in course of prepamtion by Dr. Edward L. 
Greene, is progressing .satisfactorily and will Ijc publishetl by the 
Institution w'hcji cumplcle^l. 

A bibliography of tin Ls In preparation by Mr. F. I* Hess, with the 
aid of a Sniitlisoniaii grant; niid under the Hodgkins fund a liibJiog- 
raphy of aeronautics Us being <s>nipiled by Sir. Psiul Brockett. 

Ill acerordnnee with llie art of CongiTss appnived Mnrcii 30, 1000, 
pmviding that the cost of printing and binding for llic l■.'ceclttivL> 
departments a till government liiireiiiis sball lie cbarg^Hl to specilic 
alJotiiients for the departments luiil bureaus, and the further provi¬ 
sion in the sundry civil art of June 30. IDOO, that nci appropriatiotis 
exrejjl those speeificaliy for printing and l>inditig shtill lie used for 
such jHiriwse, sjwclal allotments have (aicu made to the Institution 
and ip. branrhi's for die yea r ending June 30, ItlOll, as follows; 

For the i^mlitininlnii lo»LUotloTi for jirlijiLii]: aud bItiillEiR onuiiphl ny 

jwrlB of thp It-jord of wlt.li _, |i0, CHiO. 

For tbo fltitiufll rojKirtis of the XoLLotmi Mnseuni, \y\th gt'oornj aji- 
iihd for prlDtloft jiiid mnkn, niia for tiit Imtlf'tSno 

and prrH?f^linf:!f of tlitt tlio odltlnnt^ of wh3i']i 

i^U urji nna titnilliii,^ in imlf Utrfepy or 

rlDl itcij m-lentlfSe Twks and rhifii[Pliti?ts prwwntM 

to am! aoijidri't] by tlii! KHikmu! __ 

For tbo irniiujil n^porte aihI bulk^tluH of tho Bumii of AoitTloiin 
niMi for mlfBCi^itiineoiis prlutlour nnel bhuline for tho 

byri-ati _ _ _ 

For iiiSibc^^hinihDUB prJiitinf? nui! tiltitSlnj;: 

[[itorEiEitloioit ,___ 

ZtitmiaitloDu! of ik^rpitmc Lkoriifiire _ 

XHtionnl Zo(f!u^lf=ti! I*tfcrk___ 

jlflitinikiiyiSeiii Obn^rvjitory_ 

Fyr iht' 410 I 11 M 1 I repo/i of Uio Anu^j-Kun flistorlttil 


The nllotmentfr to the IiistTiutioii ntid its brunthtii imdt-r xliu bond 
of public printing and binding during tlie past fiseal rear were as far 
IIS pnieiieubie es]rfndpd prior to June 30. The protracted session of 
Congress however, prevented the cf.impletli>n of considerable work in 
hand during the latter part of the fiscal year, luaking it impossible to 
entirely iLse some of the allotinqnts. 

Continuing tlie poUcj' established last yieiir, an editorial assistant 
lias liecn engaged in a list r acting such publications of the Institution 
and its linmdies as could be put in popular language for the hhc of 
newspapers throughout the country. A numlier of more general arti¬ 
cles on the oork of the Instittition have also lasn distributed to the 
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pre^^s* This has nosiiltcd in rcachinij millions of Tiea<krs who wonihl 
Jn>L hnvc rciidy access to the wlontific infonnation in the piiblicatloiL»^ 
of tjie IiiHtiUitiorip 

Alil'IfiOlV rOMUITTCK AND 

In orfior thnt tlie praclico of the In.^tution in tho superrh-ion of 
its puEiU^'iitiori iijul those of its briiiitihes iui^hi correspond with tliat, 
of the executive departments, as preseril>e<1 by the President's order 
of damnin' 24, the Smithsonian adrisfiofy committee on printing 
mill publimlioin nppointed February 7^. lOOth held 2ii'^ meetings during 
the year and rcportctl oti IDT tiianiiscripts mid numerous blaiib fumis. 
The coinniiltee also cotLsidered variouH questions pertaining to print¬ 
ing and binding. 

The committee t^^nsists of the following members: Dr* Cyrus Adler* 
assi^siant sccretaryi diairtnao; V- W, True, lieml curaior of 
biology^ U. S* National ^rnseuni i Air. F. W- I lodge, etliuaiogist, the 
Bureau of -\nierican Ethnology; Dr* Erank Baker, superintendent^ 
Niitional Zcx>logi4*al Park; Air* G. Abbot* director of the j\>itiTJ- 
physical Observatory; Hr* \W T* .Vdams, of the International Ex¬ 
changes; Mr* A* Howard Clarkt editor of the Smithtsonian Tnsiitii- 
tion, and I>r. liconharil Wtejneger, curator of reptiles and btitrachians, 
U- S* Natioiifll Aluseiini* 

The printing wmmiltee formiiTateJ a series of rules for the abbre¬ 
viation Ilf seientiiic pc^rioilicnl^ in publications of ihe Smithsonian 
and itii branches. These rnli^j wldch have been approved for the 
of the Institution and its bnmebesi, ore given in full in tlie editor^s 
rcjKirt* They may he summarized as follows: 

1, Iti nlibrevlaUti}; wonls. la titles^ ^toii ttefore the sccoaO vowel, tiiilep? ttic 
r 0 £ultln]^ abtireiiatlon would coniala but one eonsauant. In which cuae stop 
tKL^fore the third vuweL 

2. All artic^lef); tirvpi»nUEoiniit, and conJuDciJuna ar« to bo ouilitcvl, excefit ffu-cf 
aad /ur, wlilirti imiy 1>u nUulai'd wbm neoesssny for eli^ruesH, 

a. Ill JibbiwL]ti?i| tltl^ ihe wonl49 ^ould foUuw irtrlrtJy ihe order of the full 

nUeB. 

4. WardB of one MyllabSei (&) titlei! eouHlBliiij; of a single (c) 

niuuos of toivns (excelit an LucUmted rnidor rule 5J, (rf) nsxntm of pe^^fl^f^F=^ 
(when aQJiioamcd)p and (c) iLuhLim of geolojzLcHI formntlona are not to Ik.'- 
nbbroTlntetL 

5. Wbcnifver nwesfsinsy for ct^mew any nf ihe foresoloj? nilejt iiuiy dis* 
nTslirded. bnt Sn sucti etmieK wentife ssRocihL uoi lio aOhrevEiilid, 

LinRAinr* 

The accesssions to the Smitlisonian library dtiring the year aggre^ 
pnt^J d6.0(i8 in rolnmi^ and parti;, an inciviisp hy some 1,800 entries 
over the i>r(:vious year. Of these accessions 24,777 wen? plawd in tlie 
Smithsonian deposit in the Library of Congress, which comprbfes in 
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iXssQlf till: hrg^i library of workit hi ilvis country; 3;^i7 

VTQTQ diridcd arnon^ tbe librarii^ of llit SiXTcijirY-s oflico, the Astm- 
]ihj>iical 01j«crYPtory^ the National ZoologiaiJ P:irk, anti the Inter- 
iiiidoiial Exrhamgi’^ as expedient for purpo^ of aJministrationj and 
7.974 were du|]Oe:jiLed in the United States XationHl Mui^iiin librarv. 

those^ there were numerous jiddition.s to the library of the 
Bureau of Amprican Ethnok^yj wlndi hf administered j^f^TarpitelY* 
ll iii L'^iniEite^l tliai mi eiiuivalent of t>,o(pn voiuiiHW wins transniitieiil 
to tile Library of Congres.% ^jomprising in actual tiunibers 25,524 piih- 
lieations in the form of partM of [lerlCMlica^ pampLileLi^ oiid volumes. 
Tht'we two etiunU dt> not inekide public tlocumcnts pre!Hetiti*tl tn tho 
Sniitksoinnn Institution^ sent direct to the LilsDiry of Ccingr<!^ ii_s 
soon usret:eived, without stamping or reeortling; or public document,^ 
Sind other gifts to the Library uf C^mgvo^ rvceivctl through the ititer- 
nationul e^ehunge service, or publlciatiuiei mpiesled to coinpleto !icts 
in the Smithsonian de[xisit at the Li lira ry of Congreas, which have 
been tninsmitteil separately* 

As the result of ii s|>eeiul Effort to secure missing jiurta to coiiiplete 
setis 500 new periodk^s were ndd^'d to the liiits and iilRiwt 1,550 jjiirts 
lark ill g in the sets were remvtd, which psirtially or entirely filled up 
the various series of puhlicaiiofts in the Sniilhsoniaii deiK^sit. In 
writing for the mining parts of publications needed to compkto 
these seLs the library has had assistance from the interiiiitionnl ex- 
change semicc of the Institution. In addition the Institution has, 
tlmiLfgh tbe inctlium of the international exchange sorviee, sent oiit 
requests for governtnent documents and serial piihUentiona needed to 
coiuplcic the s<ht,s in tlte Libmrj* of Cuiiigrcss^ and wdtli this end in 
view letters have written to Bavaria, the province of Buunort 
Aires, Costa Rica, Ureece, (inatamnla, lIondunLSf NewfouiuUanil| 
Xicaragiia, Japain Iiiitsia;^ and Salvador. ()ver publications 

were i^^^^iied during tlte year fur coristdtatinn by nieuihers of the staff 
and by various bureaus of the Oovernment, 

In udditiun to the regular work in the library, the n^Lstdot libra¬ 
rian has rreotu^trnoted the mcmumnduiti list of the engravings and 
art collection of Mr. George Perkins Marsh, piircliaiied in 1849, what¬ 
ever t'dtalogiie may have Iwen made having Ijecn destruyed in the firo 
of 18tid, and has been engngecl in preparing u hlhliograpliy of nero- 
nautical literature, 

PIlESERVATION OF ARrHEOLDOlCAL SlTElfN 

I have here!ufore called attention to what had liccn done toward 
the preservation of archeological objects on tlie public domain from 
destruction by vamlals and relic Uiiliters and toward making these 
antiquities accessible under proper nilcs and rEguhitiun^, Under 
the terms uf an net of CoiigresK Hppnjvml June 8, iiiiiforui n>gu- 
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lilt ions for its odmlnistTation wen? iitiepaml hy the Sc^ereturics of the 
Entenor^ ^[ir, iind Agriculture* Avith the t^iwrutiou of the Smith- 
stjniun tustkutmru und were promulgRted on Decemljt^r lOOOt in 
ihe form printed in tiiy lust jx^port to the Kegeiits. Under rule 
nppUcutions fur i>enuit3 nix referret] to the Sinithsouinti lustitotioii 
for rceoniincndatiori. During tlie psust year T htivc iictod u]>oii Severn I 
such upplicatjon^^ The cnnscrvatioii of tlie iiiiUuu'k nrcbiwlogical 
l^^Hsessions was regohittxl Ijy low iiane too boon to prevxiu further 
mutilation or useleii.s destruction of interesting iiiith|tiitie» in many 
plnmj. 

Tlie President of the United States, by executive proclamation 
fhiring the year, made several ndditiDiis to the list of national 
ments, iududing three of nrcheologiciil interest: (1) the Tonto Na¬ 
tional ^loiiiinient in Ariv^ma, where there= arc isvty cliff fliv-eHings not 
yel reported oa; (1!) the GUu Cliff-DArcllings Nulional Afoiiiimeat in 
the Gila NatifjiiLtl Forest in New llexicu, comprising n group of 
cliff dAecllings, and (3) the Graiul Cfinyoii Notionjil Monniiient, 
w hich includes n largo number of cliff dwellings, pueblos, dwelling 
sites, and Ijiiriiil phiws in the Gram I Uanyon of the Colorado. 

CaMA ORAXIJE ruin TK .UilStOA'A. 

Tn Congress gi'unted an appropriation of $3,000 to Ihs ex- 
peniled iirider the siijjcrvision of the Secretory of the Smitiisonian 
Institution for the preservation of the Casa (Trandc ruin in Piiml 
County, near Florence, Ariz., and fi>r the excavation of the reserva- 
lion* An account of the Avork ficromplislied by Doctor Fewke;* tip 
lo June 30, U>07i pill dish cf I in the Sinithsonian Ifisccllatieoua 

Collectiona under date iff October 2->, 1007. The Avork done during 
the past lisi'ul year, under u second appropriatiun, is noted in Ajijjeti- 
dix n of the present report* The largest simcture excaiTited 
nt Ca?a Grande is a building 200 feet long with 11 rooms, the massive 
walls inclosing a plaza* In the central rcxnii tlicre is a seat ealletl by 
the Piinn Indians “the ^wat of ilDmeKuina."' The ruins at Casa 
Grande are found to bo very much more estensive than was aiitici- 
pated, and their periiitineiit preservation i,H: of great ardieological 
importance. 

31F.SA T|"ERDE XaTTOXAE l\\RK, 

Tn addition to the work of excavation, preservation, and repair of 
llie cliff dwellings and other prehistoric ruins in the Me^ii Vxrde 
National Park in Culomdo, wlddi Ava?* intrusied hy the Interior 
ITepartnient to the direction of the Tnstituticin in February, lOOS* a 
niuderate grant from the Smithsonian fund was appro axhI this year 
for additional general studiei^ of tJie prehistoric culture of the ffiln. 
iDoa-—a 
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Valley^ outside the Casa Graude Reservation. Dr. tL Walter Fewkes, 
who directed the Verde esplortitions, has prosecuted this kier 
research also and will submit an account id detail of %vhat be bos 
donct for publieution by the InstiluLioii. The work tliiw far accom- 
pUsbcil by Doctor Fewkes is liriefly U^^cribed in Apptndis 11 of the 
present report. 

tOnTfl^lONnENCE* 

Tlie correspondence of the liLstittitiaiL besides aerving its piirjiases 
in ndmidiHtratioiL furthers to a degree the siN.!ond fiiiidauientn] object 
of the Institution^ tlie didustoii of knowledge among men. Tbroi Jgh 
ill is department are received infiniries on the most varied topics 
relating to nlmost every field of science, all of which, so far as pme- 
ticableii are nn-Twerccl hy a niemljcr of the staff familiar with tlic sub- 
jcfct concerning which information is desired. The I rr4 it ill ion 
however, does not atleiiipt to maintain a iinivcrs4il inforimitiou bureau^ 
nor does it .seek to answer queries of a commercial nature for in¬ 
formation which may be secured from a profcf^isional advisor upon 
pajinent of u fee. 

In addition to ihU geneml correspfdirience, there is carric<l on by 
the sevenil hranclies nf the Institution a considerable corresjjondence 
relating to the m|i<Md1ve activities of each. All matters nfTtTting 
questions of policy* and all appointments^ however^ receive the 
personIII consideration of (he sKiretarj'* 

During the past year newer anti more convenient eases have lieen 
installiKl for filing letters, and re-rtain improveinentSi in methods of 
indexing and arranging letters have been made* 

and cei*zbilitions, 

Inf{!;rrtaiionat Z^loffirnl Cr/nffrcsit ^—The Seventh Internationnl 
Zoological Congrft^ met in Boston, August lb to IbOt* Dr. 
Richard Rathbim, assistant secretsrjv Dr. Theodore GilL and Dr. 
William II. Dali were delegates on the part of the SmilUsouIan In¬ 
stitution^ Dr. F* W. True, Dr, Leonhard Stejneger, and Dr, Ilarrison 
G- Dyar on the part of the United States Xational Museum^ and Dr, 
Frank Baker on llie part of the Xational Zonlogicnl Park Tliese 
gentlemen were designated hy the Depart men L of State as rep¬ 
resentatives of the United Slates Government. In nddition, Doctor 
Gill served as delegate on the part of the Washington Academy of 
Sciences and the Biological Society of Washington, mid to represent 
His Siamese Maje^ity. After the Boston meeting the (.-ongTess paid 
a visit to Washington from Septemljcr Z-iy. during which time the 
members were entertained by a trip and hinchcoii in the Xiilioual 
ZtK>logtcal Park and hy an informal reception at the Natiuiu^l SIu- 
seum ond the Smitk^uiau luistitution. 
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Ini^nationat Cmigress &n TnhcrctiilosiM ,—In connection wiili the 
Sixth InterntUiotial Congress on Tuberculosis to be held in the new 
United States Xuiional Slnsciini building^ in Washington, September 
to Octol;er 12, lOOS, the Institution luoj offered from the llodgldtiii, 
fund u prize of $1,500 for the l»st paper ^ On the retntion of atjiujH- 
pberu! air to tubereulosifl,’' mention of which is made cieowhere in 
this report. 

The Secrctni^* of the Institnlion is a member nf the head committee 
on International Coiigicss on Tuberentosis. 

L’entmartj^ Londm Tlie centenary eelehniiion 

of the Geological Society of Ixiinion was bold September 20, S", and 
28,1W7, at vvhicli the Smithsonian Institution and the United States 
Katiuiial ^liisGum were represented by Dr. Arnold Hague. Iloctor 
Uagup re>p«3rtcd tlie gallicring of a diiflinguished body of eminent 
geologists fix)m all parts of the world, 

Matheniatiral CoiiffFvan ^— Tlie Fourth International Congress of 
Miithcnmtieians met nt Rome, April C^ll, IPOS. The Institution was 
represented by Prof, Simon Xcwoomb. 

fViiyrew o/ Ori^iitalUts^At the tifteentli session of the In tennis 
tionnl Congress of Orientalists, to be held in Copeuhiigen, Denmark, 
August 11-20, IPOS, Dr. Paul ITanpt, of the Unitetl States Xatioiial 
Museum imd Johns Hopkins Uninersity, has lieen designated to rep- 
nrsent the Tiistitutioii, Upon recommendation of the Institutinn the 
following gentlemen have been designated by the Department of 
State as delegates on the part of the United States Government: 
Dr. Paul Haiipt; Dr. C. R. Laiiman, of Hamird University; Prof. 
Morris Jastrow, jr., of the University of Penn^dvania; ami Prof. 
A. V. , Jackson, of Columbia University, 

CtfiiffretiJt of Jmf r/fflflMt#.—The Sixteenth International Congress 
of Americanists will Iw held in \'iemm, Austria, Septcmlier S-Ll, 
1008, Dr. Franz Boas, of Columbia University, has Wn riuiin^l 
to represent the Institution; and the Department of State, at the siig- 
gestion of the Institution, lin.s dcsigivated, laaides Doctor Boas, the 
followiiig-namcd gentlemen delegi!ti.-s on the part of the United States 
Govemmeni: Pmf. Mai^hall H. Saville, of Columhia; Dr. George 
(iratit McCurdy, of \ale; Dr. Charles Peabody, of Harvard; (itid 
Dr. Paul llanpt, of Johns Hopkim;, 

Fiaher^ Congresn.—ltx oonnection with llic International Fishery 
Congi-cffi, to meet in Washington September 2*>-2tl, IDOe, the Insti¬ 
tution made an nllotmeiji of $ii00 from the Smithsonian fund for the 
best t^y f»r treatise on International regnlntion of the fisiierics on 
the high seas; their liiston-, objects, and resnlts.” 

Other C0ngre»ie4 and mettihga. —At the meeting of the Xntioiml 
Academy of Sciences in Xcw York, Xovemlwr ltt-21, 1007, your 
Secrelarj presented a brief resume of some of his special geological 


26 


ASXUAL BEP^RT BatllHSONIAN INSTITUTION, 


rcsoftrclKw in li pa[>€T entitled Siinimiity of stiidifci ot Cumbrimi 
bmchiopods," At tlie First Pari-Anieritrua Scieniific Congress, to 
meet in Santiugo, Cliile, Dccembei' 25, 1003, to January 5, 1!>00, 
^fr. W. IL Holmes, eliief of the liiimiu of American Etlmologj-, 
has been clesigmiled by the Depa rt ment of State ^ upon the iwouv- 
tiiendaLioTL of the to re[>rcseiit the Unittal Staler Govern- 

mcjit in the section of »titbro|K*logy imd ethnokigy. Prof. lIori-iH 
.lasti-ovv, jiv, of the Univetsil}* nf Pennsylvania, and Dr. Pwiil Ibnipt, 
of the Johns Ilopkitbi Univeri^it}", have l>een snggestetl the Itistitti- 
tion as iltilegiites ijn the part of the United State:* to the Third rnier- 
[iBtionivl Congres3 for the History of Religions, to meet at O.tford, 
September 15-lS, IWB. Tlie Inrtitiition has subscribed to inemljer- 
sliip in the First Intemational CoiigripiKS on Kefrigerating In<liiirtries 
to lie held in Pari^, OrtolxT 5-10, lliOS, 

?ie^<-KT4-XN^Xl1‘i4. 

Iliiwiltmi fund hufut'e .—In 1311 a Ijerpiest was inaile to ilie Smith- 
tioaian IrLstitiition Uy Atr. James llamilton, as follows: 

I iiue thiaiMiEiil UnlMra tu [Lh> of Iteireatj? of tlie SrtiKttLKicihiii 

IiuitUailetir tfK'ntiHil at ^t'ciaaiiiatoUt 1>. to Lh> Invfwtixl In aciiiie Hife fuiiiJp 
Luid tite Intprprt to aprrotirtnliHl 'lil€‘milal]y hy iLe Boen^tarles, either tn 
mnney or a iiii^ilnt t»r iftirti eontrlhuiloiL, jaii^er, or lectart^ oa any srteatL^c or 
lawful MO Meet art F^nlil hHiretarhirt may niinrave. 

The Ixftpiest wan acceptetl, but the income was allow^ed to acertie 
until it nmounted to tlie principal, the inten^t of which now* gives 
hionnally $240. The Bi-si niade nf tjib fund was in inP5, 
wlieii Dr. Aiitirew' IX iniite was iiiviled to deliver a lecliiii; on “ The 
tliplumatic sendee of the Unite<l States, with some hints toward iLs 
reform.'^ Doctor White delivered this lecture in one of the halls of 
the Kational Mir^nm in l\'asliington» and it was subsequently printed 
by the Institution in tlie Siiiithsonian Miscellaneous Collections and 
widely dbtribiiie<k Tlie second lecture under Ibe auspices nf this 
fund waH delivered on Wcflnesday evening, April 2:2, inOS, at Hub- 
burti tremorial Hnlk ’WjLshington, by Dr. George E, Hale, on Some 
recent eontribittiotis to our ktiowle^lge of the sun-” 

—The Institutioti has received during the year a num¬ 
ber of letters and reports on eiirthi|uukes in various parts of tlie world, 
and lias coiumiiiiicatcd the infnrtnution therein to Prof, iliirry Fiold- 
ing Reid, of Johns Hopkins University, the representatjve of the 
tf nit cal States* on the International Seismologietil Assoc iatiori. In the 
Congrviwiotial diplomatic appropnation for 15K30 there was included 
the item, “ For defraying the necef^ary expenj^es in fnlBllihg the obli- 
giitious of the United States as a member of the Tniernational Sei.s- 
niological As^iaiJoris including the annual contribution to the es- 
pen^ses of the aiii^iatian, and the expenses of tho United States dde- 
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gate j[i altcndiiig llws meetings of tlie ODDmiission, one lliousond three 
hundml dQ]liiri+'^ The publiciitjous of tUe Seismologieal Association 
sin' slistribiiteil to AiiiLTieiin eorrespoiidenls ihmisgh the mcHlium of 
the Intemationsi] Eschange^i. 

Iltiydiin Mvm^rmJ .Mcduh — Tliere tioh presenteti to the Seerctarj of 
tlie kSmitli-^tiijiti liistitutioiJ ou January 7^ I lie Huydeti iiieino- 

rial geological medal. This gold medal was established by the Philu- 
dclphia Academy of Xatnral SetcncKi as a meuioriiil of Prof* F. Y. 
Hayden, the tMiiineiit geok^gist anti explorer, and was [ire^uted to 
Doctor Walcott in those terms: "" In recognition of the Yidiie of yonr 
individual cantrihiitionH to geological scicnoe and of the benefits de¬ 
rived frojn your sible and coiiscdeiitioiiii ilist'hargi^ of the oflicial trust 
confided to you/’ 


XATfONAL ^Ilr8E^^f. 

The opemtions of the Xatiomd Miiseuin allowing the progre^ made 
during the year tmd the present condition of the eollections ore di^n- 
cui^sl ill the 11 PI lend ix to the ] present rejx^rt and in a separate volume 
by the assiMant secret tiry in thurge, and need not here be tit ken up m 
detuLL 

Over 200,000 anthropological, biological, and geolc:^gieal speci¬ 
mens were received during the year, inizluditig many objects of 
extreme interest. The most iinptidunt loiiri addition to the his¬ 
torical col lections was the American flag, nearly SO feet square, 
which fioatetl over Foi't Alcl-fenry during the war of 1812 end which 
was the iiis~piration for the writing of the verses of the **Star- 
Spangled Bnnnert'’ by Fmncb Scott Key* Kelating to ethnology 
and hiulfjgyi, there were received, as in former years, many import ant 
contributions from Dn W. L, Abliott and Jfaj. Edgar A. Muams, 
Many ztwlogical an^l Imtanical tqieciinens have been deposited by the 
Department of Agriculture, the Bureau of Eisheries, and other gov¬ 
ernment institutions. Tn geology the most important accessions 
included the Hambach collertioii of fossil invertebrates, purchased bv 
the Smith-Stmian Institiitiom some i"are species of fossil reptiles and 
tiiatnmals from SfnUh America, and fossil mammals from Alaska. I 
may also iiietition a large series of Cambrian fossils eullectci^l by me in 
Briti.sh Columhia and Idaliti* SpeiTimens of rocks aiicl orefi, nuitnly 
from the Geologiml Survey, were addet] to the collect inns; alsfi a 
number of mre nuncriiU. 

Wliilo the miisenm is the cnslcMlian of govenunent collections, and 
while to the public its main feature is tlie exiiibition ol eliarncter- 
istic objects in its several diTLsimiH, yet the law demimds tliat the 
material shall be class!fieil iiiid properly iimiiigetl, :i task which 
involves a large amomit of research wort The work during the 
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pait yftBr covered moiiy fields, [ndiuiing prehistoric urdieology in 
Arizona and daewlicrt', studies on tlie Imtnon skeleton of different 
racea, physiological and medical obserradons among the Indians of 
the South weal, fossil whales, reptiles of Japan, tbe Philippines, and 
North jiVinerica, conik of the Hawaiian Islands, the study of meteor- 
iUss from Canyon Diablo, Arizona, and other localities, besides es- 
teuslve investigalions on fotsdl invertebrates, mammals, reptiles, and 
plants 

The inusEmm has continued in the customary way to advance tJie 
interests of leaching by distributing carefully lalx-led and classjfiefl 
sets of specimens to cflucatioual establishnieiita tJjroiighout the coun¬ 
try. Twelve ihou^nd s|3eoimeii3 were thus distributed during the 
year. 

In conjuiietion with the Imstitution the miiscuiu purtlclpatiKl in the 
expositions at Jamestown and Hordeaux and much of the material 
p^^^p[l^e^^ for ihc-SC iK’casioiis has since been incorportited in the 
museum collections- 

Oii the new building for the Xutiorml Museum fair progress was 
mado during the year and at its close the w'alls had been fudircly com¬ 
pleted and the construction of the roof was well utider way. Thu 
fitting up of the interior, however, involves a very large amount of 
work, since it jncludes the covering with suitable muteriols of some 
10 acres of Door space. 

An interesting loan collection of over (530 s|>ccimens of laces, em¬ 
broideries, old and rare pieces of porcelain, enamels, jewelry, and 
other artistic objects hns lufeii temiwrarily installed in the Imll occu¬ 
pied by die gallery of art. These objects were gathered niid arranged 
by an informal committee of ladies, with Mrs. James W. Pinchot us 
chainimfi. It is hoped that this exhibit may Ijg the nucleus of a per- 
monent collection of objects of this class. 

S.tTIOSAl* O.U,l.ERr OF .VBT. 

The paintings forming tbe nucleus of the Xationa] Gallciy- of Art 
Lave l^n exhibited during the past year not under the most favor¬ 
able circumstances, owing to the Congrtss not having provided an 
appropriation for fumkJiing suitable quarters. Nevertheless, some 
important donatloits of pictures were received. Air. William T. 
Evans made a mimlier of additions to his collection of contemporeiy 
.iVmerlean artista, a deposit of thirteen historicul marine paintings bv 
the late Edward Mornn was nindc, and several gifts of singjo patut- 
iugs were accepted. By act of Congress approved May 2a,''lD0S, tho 
colossal marble statue of li\asliington by Horatio Greenougb, which 
since 1870 bai- occupied its well-known pofutioti in front of the Capi¬ 
tol, was tnitiafcrred to the custody of tlie Smithisoniaii Institution. 
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In order to mnintain a proper hiandard of oierit iii tlie acceptance 
of ^vork-H of art lUi lidvi^ry ijoiiinilttee of live artists Las been desig^- 
iiated^ Tliree rueiiibers of thLs connrnttee were by request selected 
by three leading art associations of tlie country and two members 
were named by the Institution^ The committee met at the South- 
Konian Instllulioii on April IGj IDOSt and organised by the election of 
Mr. Fruucis I>^ Millet as president and Mr, W, H. Ilolines, of the 
Smilh.senian Institution, as -^rotary. The other members of the 
coiinii lit ee lire Mr. Fnnlcrick Crowuindiieldj of the Fine Art^ Feder¬ 
ation of Xew York; Mn Edwin IL BhislLfteld^ of the Kutioiml Acad- 
^emy of Design j jiiid ilr. IIvrlK.Tt Adams^ of the Xiitional Sculpture 
Society* 

lUJKEAlT OF ASiERICAX ETHKOU)GY. 

The Bureau of American Ethnology lias continLed ita investiga- 
lions among the Indian tribes of the country Ijegtin over a quarter of 
ti century ago* VVhile seeking to cover in the most, comprehensive 
manner the whole range of Amerlean cthnologj'^, the bureau has taken 
particiilitr care to avoid entering ujiou rcBearches that are likely to 
be providetl for by otiicr ageocies, j3ublic or private.. Tlie results 
sought hy the bna'au art*; (t) Acquirement of a thorongli knowledge 
of the American Indian triljes, their origin^ relationship to one an¬ 
other ixnd to the whites, locatloii, imiuben^, ctipacity for civilij'Jitioni 
claims to territory, and their interests generally, for the practical 
purposes of govertuaeiit; and (2) the completion of u systenuific and 
wcll-munded record of tlie iribes for historic and scientific piiq]ose<¥ 
before their aboriginal cburacteri--=tics and culture are too greatly 
modifiLHl ur ore couipletely lost. 

h'ince it has not heeu iJOsisfible to study all of the trilws in detail^ a 
suflicient number have iMfcn taken as types to sUnd for all* The 
work uocompLished in isecuriug knowldlgc of these tribeij has l^een 
recorded in the annual reports of the bureau, and the results ob¬ 
tained have been published^ so far as circuiiistanees will permit, in 
bulletins of the bureau* Many manuscripts are preserved in the 
archives of the bureau. To the present lime there have been col¬ 
lected data relating to some CO families of linguistic stocks and 
upward of 300 tribes. During the past year tliis fund of knowledge 
was added to tliroiigh researclics carried ou in j\-rizonix, Xew Mexico, 
Colorado, Texas, ilinncsota, PentLsylvatibs and Ontario. Inveiiti- 
gatiom in the field, how ever, w ere not aa extensive as in some previous 
years, on account of the necessity of retaining nearly all of the 
ethnologic force in the oRice for the purpose of coxupleting the 
Handbook of American Indians, part 1 of which wvki^ publislicd last 
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ytflr. Th« handbook is In the iiiitntie of a siiTninaTj of knowledf^ 
gnined thus fur conceniing the Ameriiitin Indians. The dcniand for 
tlie part of the vrork published has been so great that the hurean 
has found it impossible to supply even ii third of the copies requested 
by corrfispon(]cnt.s, Tlie qiiots under control of the Superintendent 
of Docunietits also wa.s soon eshnusttMl, jieccssUaiiug the reprinting 
of an e<1hion of 500 copies (the limit allowed l*y law) to fill the 
orders received. As the main hosly of part 3 was in type at the close 
of tliD iLscitl ycQTj it is expected lliiit tliis part will Ixi issued in the 
course of a few muiithii. In editing the UandlHiuk during the y<.>ur 
the stall of the bureau wns generously aided by iipwan] of thirty . 
sjiecialists throughout the country, who rendered all jiossible osssisU 
ance in their particular Golds. A work of sutnewhat similar purpose 
is a ITatidbook of .iVmerIcun Tndiaii Ijuiguiige.'-, the manuscript of 
which Was practically cojiipletwl iit the duao of the tiscul year. 

For the first time the study of native Indian music was seriously 
taken up by the bureau in connection with certain inveatigalioiis re¬ 
lating to the grand medicine etnvmoiiy of the Chipiicwa on the While 
Karth Reservation, ilinii, The phonograph was cmploj'ed in 
recording the songs. Records of songs were also secured from meiii- 
l>ers of various Indian delegations visiting the capital. 

ThU study and recording of the Inditin tribes is not only of iiiitionni 
iiiiportanc'e hut urgent. 'Ilie native American race, one of the four 
races of men. Is fast disappearing, and ihe processes of obliteration 
arc sure. If uiilhoritii live in vest iga lions are not nude now. they never 
can bo made with any like degroe of accuracy or of thorougUuess. It 
is u work the nation owes to science, to the Indian race, and to itself. 
It is n work worthy of a great nation, and one which con be carried 
on systemnlicolly only by a nation. Through the ix»scurchcs of the 
Imreati the world is not only securing, while possible, a permanent 
ri-eord of one of the groat races of men now dying, hut is gaining a 
knowledge of the Indian for practical puriwses of administrntion and 
ill the interest of humanity. 

rXTEIiXAlTOXAL EXC’IIAXOEB. 

Tlie promotion of literary tind scientific interi’ourse Iwtween this 
country and other [»arts of the world Inis Ijwn vigorously carried for- 
waiil during the piist year through the system of internatioiinl ex¬ 
changes. The details of the regular W'ork of the wmee are given in 
full in the report on the exchange service luid only the more important 
matters are referred to licrc. 

•inie growth of this service has been made possible through the 
action of Coiigrcifs and of our Oovernment in negotiating treiilieii 
with other nations to place the exchange of gownimcnt. scientific, 
imd literary puhlicati&na iqion a definite, legal, international footing. 
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Tlirotigli an in I he iipijraprinlion grunted hy Congress 

it was fxk^ibk during the year to inaugurate a ^stem of work which 
Jiud long l^eeii in mind—^that of actively seeking returas fi*om foreign 
cxnrntHes for llie cxchangeB sent to them by this Governnient itud its 
departments and bureaus. The result has aln?aily l>een more tlian 
satisfactury, Init the effort is so recent that its full fruilion can hardly 
be ex poet od witliin the year. A ntiinbcr of gratihdng acbnowl- 
edgnienls have liven iweivoil froiu various deparLoients of (he Gov¬ 
ernment n^garding this new work. 

The tran^Tiiission of packages lias been mudi more prompt tits ring 
Ihe past twelve nionlhs than dui'ingany like period in the history of 
the service, shipments (jeing made to all countries at least once a 
mouth. 

At the request of the Hiissiaii Comndssion of International Ex- 
trlinuges, on liehalf of the library commission of the l>oiima, the 
interchange of parliamentary puhHcatioiis husl>ecn entered into with 
Russia. 

The Fix-neh Chamber of l>epuiies has also made a request ^ through 
the l>eparLifient c^f State* for tJie excliange of pifirli ament ary docu¬ 
ments, and the matter was irominimlcated to Cotigrejf^ hy the depart¬ 
ment during the last session. 

At. the time the rtmvenLion for the c-xchange of ofBcial^documents 
and seientibc and literary' publications was coiieluded at EJnissfehs 
in 13&G. nn ogreement was also entered into between the United 
Stales and several othei- countries for the immediate exchange of 
oRicial jourufils, etc., but in the absence of tlie necessiiry legislation 
by Congresi^ nn steps have been taken by the Tustitution to I'lirry this 
ugrvenienl into eilect. As the sub|eet has now l>t>en brought to ihc 
ut tent ion of Congress^ it is hoped that u siiflicieiit tiumljer of copies 
tif tlie CongressidnaI lleconl may l>e set aside f<pr this puri>ose. 

Tn acourdanre with treaty stipulations and under the authority of 
the corigressiuiial tesohiUom of llarch 2^ ISGI^ and March 2. l&Olj 
setting aikirt a ceHaiu imiidjer of documents for exchange with for¬ 
eign countries, there are now sent regularly to depositories abroad 
M full sets of United States official pobUcations and 32 partial sets, 
China having lxM?n add eel during Llie year to the list of countries 
recedving full sets und Montenegro and Liberia to the list of ihoa^ 
rectaving partial sets. 

As a result of <x>rrespondeuce between the Smithsonian Institution 
and the fliplomaticr envoys friuu the Republic of Lilxria. regartling 
the e^tahlishiuent of a bureau of inleriuitlonal exchanges in ihnt 
country and tho intercliangt^ of official dociuncnls between that 
country and the United States;, the department of state fit Monrovia 
bus been des‘iguate<l to act as the excliaiigo intermediary between 
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the two conntritsf* tind the proi^wHion to esohaiige oRiciiil pitblieA- 
liom iicc^pLecl by Uii? envoys. 

Tlie loiaJ tuiiJibcr of [jiickiigei by Uie Interrintionnl Ex¬ 
change Serrict? tluriug the past year iii^as lui increase over 

the number for the preceding year of 13 ^(jB. The weight of these 
packages wub pounds^ TO per cent of whidi was iti the interest 

of the UnUed States Government. 

The Snuihsoniaii Institniioiij through its s^^tem of exchanges^ is 
in cerresponJeiice with 60*153 e^lublishmcnts and iudiv]diial.s, iSfliO 
of which are exterior to the lKjrderft of the United States. The^ie 
corruT^pondents arc scattered throughout the worldj and there are few 
places, howevef reiiiote, whicli do not profit by the service. 

NATIDKAL Z(K)L(K11CAL PARK. 

By authority of tlia net of Coiigresi^ npprovetl April 30^ iSilO^ estab¬ 
lishing the National Zoological I^irk. for the ailvazicemeiU of sci¬ 
ence and the instruction and reereatioji of the people/^ collections of 
living animnb. now numbering 1^402 individuals* have been brought 
together from all part?^ of Uio world* and housed ns nearly as pos- 
jsihle It] suiTOiiudingbt iiatura] to theiiK These collections at the close 
of the fecal year included 3M species t Mmnmak^ 146; birds, 16S; 
and reptiles* 36. 

exhibiting the animals, properly labeled, the object of instnicl- 
ing and entertaining tlie vi’^Uora, of which there wei^ 652,a00 (in- 
chiding 1,638 school children) during tJie yeutt was furtheretlj, and 
hy study of the specimens the advancement of science wusj Jn a 
measure attained. In kHeptember the park wtet visited lit the liiter- 
ziiiti<miil Z<>ological Congress, about eighty member^ of which spent 
a day examining the collections* in previous-years specialists 
of the iH'partnient of AgTicuiture studying aiilumi diseo^s were 
olTereil opportunities^ for pathological investigatious when animals 
died, and s~uch deiid animaJs as might be u^fnl to the national cfil- 
tediom were iicnt to the National MuseLiin* This to a certain drgTi*c 
WBS in keeping with the first purpose in establishing the park* 
namely, tlie iidvancetiictit of science*” It has not a.n yet t>een jxis- 
sible, however, owing to the yearly prei^ent necessdties, to fully corn* 
Qtit platLs in this regard fomiulnted at the time of the organiction 
of the park. 

Designs have been drawn for n much-needed laboraioiy aud hospital 
building, through the erection and equipment of which it is lioped not 
only that the ivelfure of tlie Government's oniiimls may be even mon^ 
tlioroughly guarded, hut mvesUgatioiis of a s;oologic*al imtiire for 
thu increase of practical and p«;ientilic knowledge may be prosecuted. 
B'ith one exception no particukr appixjpriation Um been made for 
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the erection of IjiiildiugH for tJie uniniiib in llie park since ils i?slab- 
liiiliineiit. The wikkIcq iitructiires which originally sliciteretl the 
animals could therefore be replneed only ns strict economy in ndmin- 
istratioii cspeiwes permittecl, the approprlfitloiis for nrlminlii- 

trntion for a nuruE>er of years have been but little more than suJhcient 
to maiiLtain the park, it can not now' be said how soo!i the plans for 
the new huilding niay be carried into effcctH Then? is also needed w 
new uqtiariuin building, since the present striirlurtv origitially built 
in tlie most, temporary manner fnr use as a Imy shed, is fast falling 
into demyj and a general aviary\ snleluiH' linie*^ inclcisurc^ for sea 
lioiLS and stub, and a centrally located office htiLldiiig are much 
desired- 

tender tlie siMicial ai>proprintion allowed for the recdnslntctiiiii and 
repairing of walks and roadways the most notable improvements of 
the year have been miidCf several long coiicn?le approaches having 
been construe ted ^ and a eotisiderahle portion of rcKidhed having been 
remade. As in previous years* particiikr attention lias been devoted 
to pixserving the niuiinil licanty of the grounds. 

Diiring the year there were 5^1 accessions^ wdiich included tJS 
PI birtlLS^ 3^1T purcha.ses, and exchanges. There were 3S3 
hy deaths exchange* and return of nnimalH* Total number dune 30j 
1903 , um. 

ASmorilYSICAL OBSETl^^VTOR^^ 

The work of the .Vstrophysieal Obsor^atoiy during the last fiscul 
year has cfnisihted (1) of solar obser vat inns on Mount Wilson, Cali- 
fonda, and fit Washlngtoni, a solar eclipse exj^>edition to Flint 
Island in the SDiitliern Pacilic, and (3) the final preparation and puh- 
llcation of the second volume of the Annals of the Observatory. 

’The Ihnmt \T'jtsoii okser vat ions, continued from the summm^" of 
1905 and ISWb directed toward securing ns many rccorsls of 
intcri-Sjt}^ of solar radiation as possible for the study of sohir changes. 
As in fortuer year^^ Other kimb of measurements wei'c made« notably 
on the brightnt^ of the sky and on the reflection of the clouds, 
Since the observations as ji tv hole hnve showui that the vnrintion of 
wdar I'adiation is highly probable, and since numerous^ day^s Jiuitidilc 
for ^dar radiation measurements were found in the montliH from 
iluy to N'ovcml>cr on Blount Wilson, it is proposed to erect, on a 
small and well-isolated plot of ground leased for the piirpoEscT a fire- 
pi^tof observing shelter to l>e occupied by Sniithtiouian observers each 
year during the montlis mentioned. This will enable fmjtient oli^r- 
vation of the solar constant '■ during a period of yeai^ at least eiptal 
to the sun-spot cycle, n research regarded as of great importance hy 
the late director, ilr. I-angley* The work at \\kshington included 
die ohservatioiij with improved inethod^s, of the relative brightness of 
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ditlcixNit purts of the ^un's dbk| arul prcUmijiJiiy lueasm^nieiiU. ri?’ 
quiriiig cxceptioniil curey uf tiio alisorption tif water vapor in long 
columns of nir, for the region of the spectrum when? myB an? cldefly 
emitted by the earth. 

Tlie Snntli.^iiiinn expedition to Flint Island in the soidSiem Pa- 
eifie to atiidy the solar eclipse of January 3, ll>08, was niade in eo- 
o[>cratioD with Director Campbell of the Lick Obiservatorr^ the party 
being Mbsc«nt from Washington fi'om Novemlier 5, 1Q07, to Febniary 
12, 1IK)8. It was proposed to measure,, witli Uiai eJCtretuely seuaitive 
electrical thcrmomeler called the bolouieterj the intensity of the 
nidbduii of the solar con>naf tmd to detcrTninc the quality of coronal 
liglil as com[>ared with sunlight. This Ls an oliSiTVation that it h 
very unlikely will ever bt' pcisible except during an eclipse. Jn 
general terms the bolometric results indicate that the coronal nidiii- 
tloQ diCFerfi but little in qiialiiy froui that uf the and is in fact 
far richer than the reflectetl niys of the moon in visible light* 
althougli less rich than 3?kylight. Olisei^'alions m to the nut tire of 
tlie corona wei^e such as to lead at least lo the suggestion that gases 
ait- present along with solid and liquid ]JarticlGS. The exact con- 
dusiuns readied are given fully in the report of the director. 

The second volume of Uie Annals, issued in April, includes an 
account of the work of tlic ObservEitory frotii 1900 to 190T* Com¬ 
mendatory notice* b_v letter and in the joanials and requests for 
copicsi of Ute work have Ixkii nujiieroiLE. Speaking broadly, the 
energy of the Observatory was rlevoted* during the period covercii 
by Uic volume* to an investigation of the lnten*?ity of the ray a of the 
siin and tlio depemkniH? of the eiirtlfs temperature iqwn the radia^ 
tion* The investigations have resulted in apparently definitely fixing 
the apppoxiimitc average value of the ^ solar ctmstauLat 2.1 calories 
per square centimeter per minute, and in showing decisively that 
there is a market] iiiietmition uliout this nieari value sufllcioDt in 
magnitude to influence very |HUTeptihIy the climate* at least of llie 
inland regions^ upon llie earlli. 


INTERNATIOXAL CATAlAHiUE OF SCIENTIFIC LITER.\- 

TtTRM 

The fjrganisaition known m the International Catalogue of Sci¬ 
on I ific Utemturv has by means of the cooperation of all of the 
principal countriea of tlie world lieefi publLslting since 1901* in seven¬ 
teen annual volumes^ ii da^ified authors and subject index catalogue 
of the current scientific literature of nil the civili2od ctiuntries of the 
ivorld. Eadi mimtry collects^ indexes, and classifies the scientific 
1 item!lire published within its liorders and furnishes to the central 
buroQii in London the material thus prepareti for publit^tion in tlie 
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ntmiiai volumes, Tlie cost of prepAcation is bomo by tlia countries 
taking part ia the enterprise, in tiie great majority of cases the sup¬ 
port being (lerivefl through dirccl govcmmentnl grantfs. Tlio entire 
cost of printing anti publishing is borne by tlie subscribers to tlie 
catalogue, which indude, besides individunls, the leading AmcriL-an 
linirersities, libraries, and scientific societies. 

That all sections of the civilized world are now represented in this 
enterprise is shown by the following list of regional burcans now 
estflhiished niid regularly furnishing the London wniral bureau 
dfiisiJied ciintions nf setentihe pajR^rs published within their domains t 
Austria, Belgium, Canada, Cuba, Denmark. Kgypt, Kinland, France, 
(icrmany, Greece, Holland, Iliingnrj’, India and Ceyion, Italy, Japan, 
Mexico, Xew South Wales, ^Tew Zealand. Norway, Poland (Austrian, 
Kussinii, and Prussian), Portugal, Queensland, Bussiu, South Africa, 
South Atistralia, Spain, Sweden, Switzerland, United States of 
America, Victoria, and Western Australis. 

During the year there was comlnned with the International Cnta- 
icigue of Scientific Literature tlie unniuil publication known as the 
Zoological Beeunl, which has been prepared for many yeare by the 
Zoological Society of Tjondon. This, it is hoped, is merely prelimi¬ 
nary to the association of a number of iiuleiicndonl scientific bibli¬ 
ographies and yearbook.^ with the TntCrtiatiotnil Catalogue of Scien¬ 
tific Literature. 

Under the congtesaional allotment of !ita,000 for the last fiscal 
year, ns in previous years, 2fi,53R references to .^serican scientific 
literature were completed ami forwarded to the central bureau in 
Ijondon for publication. 

Hespcct fully submitted. 

CitAKiJot D. ^VAL^'or^^, 

Seeratartf, 
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REPORT ON THE TNITED KTATES NATIONAI. MI-S^EUM. 

I luiro the lionor to Mihiult tlic followlDK retwirt tm o£^mtiiYsafl of tlao 
8tJite^ Nntlonttl Mmciini for tho flsoil year enilin^ June HR, 1P0«?I: 

Tbo evor-Iacn?aplnj; rruwdcd eondlLToa of the two bulldlug^ta oecotiled by the 
NatloDnl ariRtOTjiiii bus mints Jt mum dlOlcult eacli year to rHrorhlo for Ute coUee^ 
tloiiB IInd to Liiaiirc their mfety and onderJy armniniiiLfmt. It H Iberefon^ tait 
natural that the eoniptetloii k4 tlie tnrse vtw biilldlui;, wltli lift geeator ena- 
viHileuecK, olmutd he efts^efiy ftwalted, and It IB hoped tlmt tlio \yi^rk of tiiqvlng 
111 lain iK'fore tlie ctOMji of nnotber year. At the eomuieneojueut lif the 

flaeiil year the outer waMs of IhM atructorc hod lieeu eairlod to tbo lielglit of 
Ujo Ilntela at the ioji of the liwrmd story on tlie «i stern aoetlou of fbe btfildlni;, 
but not B4J hl^ on ihe Tresttemn Work on tlie tw entniuee ]iaT]JfiijiiB hud only 
renebed tlie top t*t the tmremeu^t FtoJy% but tlie steel work nml aridien nf the 
second b^jor were Jii pburc, and the kxrtnro hnll fa the bjisejuent hnd been 
luelosed and partly ^inulted. 

Fitir prtign-KS wns made ilnrLng the 3'eiir, find at its clo^ the wnlls bail been 
enilrety cnniptuted esn'^t at ih€> Houtb jm^iLlom wblch la to oontnln tbe umln 
entmnre nnd tbe ainl tbo eFsii^metloti of the tt>rtf was well under iveLy^ 

The flttinn np of the interior, howe^eti Inrolrw n very Kteat anioiint of work^ sinoo 
It iniJudes the covering with suitable mnterlnlB of some IR aeres of boor njini.'e, 
thi> build Eli pt of many partitloiiiir tbe plnatcrlnM of wnll^ r^b-rs^ ntid eellings, iiud 
the Jntjvjduetlou of boilers, EuaehJueryp and nifner appitanec# for lu,> 3 itlnn, ventb 
latlou, UghtLng^ and various other porposes, heeldcs die fumlsblng^ for the hnlls 
atiil rooms. 

The huildlngfc ocenpled for aiauy years Jiave been kept In excellent eouiUtton, 
nnil the museum hulldiug hns been much improved by r^^idnclng Its erEfjdani 
adJ Imiicrfii'et mofii, wbteh tcivo nlwaya been a aoutte of grent enuojnncc, Tlie 
rebuilding of iiwm roofa with tin, be^mn three y-enrs ngo, wna, with the raeeptlou 
of thnt covering the rQtcttidn+ wlnpleted during the year. The lottery bowever* 
hna since beeu finisbed. It Is Interest lug to note the I this entire work was ear^ 
lied nn without closing nuy pert of the building and wlLbout injury to any of its 
ceatentit. ^mrt pKigrww turn Atm ttmdo In the laoidtloD of the orMbltion lull Is 
by the driving of the large ojienlngfl between thetm no a preenutlonary measttfe 
ngalnst tbe rtjin^ad of dre. 

The falliirt? to tfecure. last wlnteTp an onprarniiittun for fitting up oultnlde 
nuorfem for the nucleus of the natlonnl gnilen.' of art has retarded the segrre- 
pttlun and urmugement of the eoUeeiion of |talntlngs^ which la now exhJblled 
under very adverse eondlllonai not fit all Ukcly to attract the attention of tboise 
whc» might gladly eontrlbute to tbJa |iopalar bnineh of the mio«euin. Notwith¬ 
standing these drcumjdjitu'eai however^ acme Ituifeortant donations of pleiorcw 
were revel 1143 during tbe year, 

Jlr. Will In 111 T. Evuna bia aibltHl to bis colb!artlen of coutempomry American 
nrtlstH im lutings by Hugo tbllHn, tlwfgie Forent Itriisb, l\ R Che rein Ilcnyj' 
tJoldcii Dearth Cliarlen ^bivltle Raul rbingherty. Hen Foster* Chllde 

Ilni=^in„ Knii^t Lawson, Willard lJ?roy Metcalf, Rc^rt Rdtb IL M. ShurililT, 
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John Ft. Twacbtuyi!!, Hcoiy OUvur WhUecT, \Vqrtliliifc"ton WliIttmJppT CcirS^ton 
Wlgfflnm, Irrlftjf a. WnifB, njul FtcJerJck Bftlbird WinLunaa. Amosi; otljor filfts 
of palotlDR^ to the EoUery may 1» tbo foUowIng: ^^Croeslng iliif 

Fprn'p" Ijy Adrlfin Mort^au. iiroscnte^J hy irttno* Lomiilts La miimoTy of 
lior father, lAtcItis Tm-'karuinn: antJ “ Iniliaii Ssmmier I>ny," hy Slas Weyl, 
prcwojtocl by 30 of hl« WaBhlDelon frlrndfr In commemoration of tho Bovoatleth 
nniilverenry of the nrtlst'a litrlh. 

The oollectloo of IS M^torLcal marine paJnllnR?^ eJcocntwI by tlio Into EJwnrO 
^^D^ 1 n iJiiri&ft iha Idler yenrw of liln tlfo, hate, thrmij^h the cfnirteay of .Mr, 
Tliewlore .Sutro, of New Yorfe, been tpinpontrlSy ijoiioslteij In Lho raillery, of 
which they forra a eonBpleDOnsE fealttre* The titlws of Lhe aevoraJ irfecea of the 
series are ue followsi^ Tlio Oeenn—Tlie lli(:hwdy of nil Nnllaiis: iJiDdliii; of 
LSef Krickaon In the New World In the Tear 1001; The ^xttn Mairhi. Nina, uinl 
PliMn p -rhe Debnrhatlon of Mldnl^^Lt ^foBs on the Over 

tlic Roily of FordinnDd Dc Soto, 1&43; ri<!iiiy HniLson Entering: New York Ray. 
SeinptiiNir 11,1000: EnibartEhtton of tbu I'llfirLms from ^niLiampton, Tk 

1020; First EecoignUloh of the AmerlcfiD Flnp by a Fortdpn f^dvcrtitnont, In Iho 
irnrhor of Qulberonp F'rnncep February 13. 1773; BnrolDg of the Frigate PhUa- 
Ui4phiii itt Oie Ilnrbor of TrilKih, Fehnmry 10. IfiOl; The RrSg Anjistretig 
Kuga^hig the BrltlBb Flwt In thq Umiior of Faynh Scpleiubef 20. isl4; Iron 
\erauft Wood—Stnhlng of the Ciimberlaud by the Merriiiuic, In IlJimiitoa Roada, 
ilnrcb S, iSfiS: The White StiuadroD'a Farewell fkilnte to the Ihidj' uf Cajitala 
Jfilnl Ericsson, New York thiy. Annual 2S>. 1890; Return of the Comiucrora. 
Typlfyliii; Our Victory In ihe iMo Sfiaiiisli'American War. Koptenibcr 2D, ISDtb 

By oct of Couin-Pft", aiusraved May 22, Ihe cotossal marble Mlnloe of 

IVashington hy Huratle Oreenoiigh, copiiibUe^l in 18^10. and since occupy¬ 
ing Its well-hnnwo [uftltlon In fnmt of the main rflep* of the Caiiltoh vr&B trarn^ 
ferrttl to the i;uij<toi!y of the Swlitiseulaii InBtltntlon. It l« lutendeil to romove 
tiiT K work nt (mee to the Smithson inn building^ where Jt wIR Inetnlled for the 
pn??«enL 

In accordance with the plan proposed the yrinr Itoforc. with the object of 
junlntnlnlilg a proper standjinl of morll In the acceptance of pnhitinps and 
works of scnlpltire lor the NntlonnI Gallery of Art. a committee of live artlata 
tfi net Ln an adviMiy capacity was tte^ibsnaled In the spring of The 

^election of three meinberw of Hie enninifttee waa ris|a4?«TPd of three leading art 
iiHHiwlatlMias, ihe oitier two nudabera being nnmcil hy the luatitotlou. thU 
committee held Its flrflt meoting, tor the piirposefs of organlEatlon nnd rnollmi- 
nary coftBiacrritlonfl, at ihe l?niltluBnian Institution, un April IS. 1003. Aa 
organized, It Ik eatiAtliDled ag fallowis: Mr, FtancEn D. Millet, presiidejit: Mr. 
TrLi^lerlek Crowldnalileld. reprefrentlng Ihe Fico* Arlri FeHlemtion. cvf which he 
Ifl the presldetit; Sir* Edwin II. BlaRljflelch repiesonllng the Natlcmnl Acadejny 
of Design; Mr. Heit>ert Ada mss represcoThag the National Sculplure 8ucltty. 
of which he l» the (inwldciLt: and Mr. IVUllam M. Holmes, of the Bmltb-^mbtu 
Instllnlleu. secretury rsf the committee. 

In May. lD08v a nutuher of the ladies of MafiJdngton, aellng on their otvn 
lull id tiro but with the henrty coDcurrmiJc of the tQBtltntloii, effected an in- 
formal organIzutton tuolilog to ihe building up In the Natlotuil Mimentti of a 
worthy colleelian of laet?^ ciubrultolee, and cUber artist Ic ^ibjecla of iienscmal 
adnmmeui and utility. Having divldMl ihai the nsgemhllng of a loau col lection 
mlKbt U-^i furtber ibeir efforls by ^rtiuiulatlug uii Interest In the Subject, a 
PTorhltig cominlltee. wltb Mrs. Jetmeg W* Pluchot a* i lialminnt was Immedlntcty 
appointed, and during May and June a very large utimtier of upproijrlale ohjectu 
wuF bnxight t<igether+ The IttHtaltalloii. luado by the mcmN^rK uf the commit¬ 
tee, tilled twimty wUleb had oiLrortuniitcly to be placed Ih the very 
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crontled Ziull tidruiik'^J hy tlie gnJEery flf aru Tbu <rliiirneter of ihct nrtlcleii pud 
tiie Tory elfectJFe tiuiiim.^r iu wlilt!li they were iimuiKiKl hn^ liowt'For^ inadi? thifi 
ci^dlectlon nne of llitr ttoat uttmctlTF feature of tinr mtis»«ju+ Tliu ihueiImt of 
4 >xIiibltor» is IS^ while tlio toLitl numlier of ih^lv cootriliotliMiK nuioontB to over 
B 4 i£idoi loccti itnd onibroliii^rKc^ the cxliKblt cootiihio mony mloia^ 

tures. idil ami rnre pSccc« of j^dwlnhi atiJ l-jimdioK ivories, flUrerwnns 

mill Jestfeln% It Lh ho|sni timt tliE» whitih. It Is iiikilcrstood, will lie 

extended during the coming wltilor^ will go fiLr tiiward Aecompllsbliig the result 
BD much deflired. 

TU TFIK eOUJECTIDSS, 

The loin I niimhor of ntrenslonif twelvipij ilurlug tho jonr wpb com|>rlaliig 
npproslmiitely -lIXrihTi spocimcTVS, of whleh lDt4S7 WEiro iLUlLttiiKikkgini], 
blologh.'^h nial geologictil. 

-rikir ijrlonhini ULHMifssloii 111 etbnolof^- cnn«lrite<l of ntioiit exlramely ItiU-r- 
c^tiug objeeis collt'Ctt'd muoiig the niLtlves €*f Wt*t Horiseo by tir* W* l** Ald^ith 
IInd by litiii iin’senlwl to the Tini^ini, In nmtltitiallou of Lis iiuiiiy rnlunblc 
coutrlbutlnUfl from Oie fJtber Uniiortaiit irtiuapkiglciil cid- 

luiitloDN from the Isltibds of tho Stouth I'nollld wore oli«i tddHint'll, nmoiig w’tileti 
nijiy be lueutloncif iniiterial from the Phi II pi due liflmiclH by Vi A. 

Moartis and t'apt. Jonw* UorrlSi r. S. Army; inid from tsuoiii^ donated by 
yir+ VV. E- ^ifTonL Noiewoptby iimaug the loaius nre n InTgi; humber nf nrt 
obit'ii'is lu mahil ohtaEiicd by tJiUi, Oliver Ellini'orth Wood, U, i?. Army, iJorEos 
n. four yi-^fji' n^nklooee lu Ju|hi1j as military jLttiiehf% nud ii cfdiccllon mcido tiy 
Souator A. J* Hevcrblge diirlug iiii estpuded irlji lo the Orlont,^ tnelutilag the 
rblllpplne IsIoheK Jflbiiik mid ebluii. Aw ItenHiig uiuhi tbe Amerlenu IndlaiiK 
tbere were iidiloil mnoy flt^iKrliiicnji froEu the rti^loti of the northern elEff dwolJeni 
of north weatani ArIxouJb I be Tiicffl iind Kiibl Indhins of New Mesien, nm\ the 
Iroquois of New York bnd CiiuHibi^ A Riunll but vnliinbte eollectk»n Ulun- 
t ratine tbc Lnduatrlnl and swlnl life of ibu Illtle-Icnown Tiililtnn ludlnns of 
£%tlkhie KIver, Ttrltlab CYilutiihhb n^as received fnmi tlie Rnrenu of Amerlenn 
Elbiiology. Among the inoilnls from tbc Patent Olhco nssidgiittl to the dhiahwi 
of elhuo1og>' wero omny rnlutlng to fire urn king. bvsillhM. cooking, UluuiimiiloEi, 
Ctiliure blstory^ etc. 

To Epbmihi Bengnlnr, of New York* tiie mueeuiii be niidGr deep idillen- 
tlocix for tbe nddttloti of twenly-oim nbjcetii to Ida already large eoliectloii of 
Jewish rellgtoinj ceremonbil objeetn on ilojytslt In the division of hlsEoric re- 
11 gtonsL Tbcy include two finely cmhfoblered syiuigogue %etle^ two allver-gllt 
hraistpiutei! of exiiulslte wo^k 9 mlm||l|^ Aud a nllvor nud bniKS Luiiiikuh lamp of 
artletk’ 

The diTlsioii iif jirehltilorle arcbeoloKy otiuilocd f^Fun ihs^ mtcavnlEoiiii c^jn- 
ilLteied by llr^ J. W. Fewkes nt ihc‘ f^AKn timnde rLiine, ArlKoun. ffohi Ocqobert 
IDCMk to Church, lyOI, imdcr n special net of nii e^itieetiilly %iiluflblo 

cullcetbm, tutnprbtlug stone luiidemetilH, |^i>lten% articles of nhell and boilOp 
vixpoden ImplelnenlM nud timber, te^cttle fnbrb^t, jithd bn^ket work, nud a number 
of bLiman iFkfiliK and parts of i6keleli>nK luiiiartnnt nddltlnna were also rocetvcil 
from other iMirts of tbls conniryt and from Ylnxlco^ Bolivia, Egypt, and todla. 

Tbc addlLlQiLH to tbe dlvision of j^hyBlcal nntbrotinkii;^ were iiimitTouii and 
from many BotirceWr Ulustmilng several races iif the huiiiau fnmJJy betb living 
and exUnct* I>r. W. T* Ahtkdl alsn ccmirlbuloii it latip? Hcrles of stioclmenH 
lllustrallvc nf the antbropnlLl atfen nhd Uie uiotikeys of West Borneo and 
Sumatra. Many photugrupha, facial CAnt^ nml imiaMUfemeiilB of the Indiami 
of North ABjerlcd were umde In the laboniiory. 
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Tlip dlrlAlqii of twlmolo®' wan srrijotiy lairiclied hy ttw? from tlie 

Fntcnt Office of vuxuy moJelB and orlglcuil ctamtuk's of Inr^tlonj^ i!at«?f«»tluK 
blErtorkTillj-. Tlie flobject nf iirwinnEi la moat Mij reI^^cscntl?^l Jn tbc coIIimh 
tkm, wliJeli+ bowevor, nUw JtirJtidE** ^^^l^tlIlg siin tng ULnehluos, 

u rlknt, ek^trlcfll inventJotift, «te<iiu itmcMn^u^-p time liftok Joi'k^ loomt^ sikliiDioi: 
find knitting iimcMnery, etc. Anotbur ootnblu neccasLon lo lliitJ sUvision eoo- 
fllHt&l of abotit ISO tdeevH of apiiorntna derisijd and iiEcd by I>r. ASt^xamb^r 
ijmbnii] ttell 1» lila ciirlicsft tclci>boi]u oxiierLiuimtss- To Liie War IXsiiEirttfiuiil, 
and nlsw pcr»i>nnlly eo Co]. A. iL Ita^KeUt U* M'my^ Uia mnscum is indchtnl 
for KGVl^ml Intete^og ^Eiui|dcs of drebrtua. 

Tlie conecnob In tbo dlTlEion of hlstolT woh Uicrensjcd by uinDy vnluable Imnn 
41 nil giftn. By far tbo nioEl iiinnwortby object jnuong Eho Ioann was ibe ttng 
wLlcb doated over Fort floury ilnrlng its boitsljiiriUuoMt by tlio Britiali fleet 
oki iLc nigbi i>f SeiHeHilM?r i;V-l4, 1814p and Eiiade fiiinoikK av tbe “ l^tar ^{[Muigiod 
Itnunor" by the verses of Fraueis Scott Key, an eyewiliie«n nf tUe llglil. Ttila 
flng^ rota Ibid by CoL UeotKe Artnifttead, Hit? eammaiider of the fort^ tlt*tiit!ndod 
tobiiigriindBOD, Mr. Eben Abidcttnit uf Now York, who baa mren generously 
aliow'eil a to be exblbUefl to Ibe Eiublie* It Lb uiiicb tattered und jmd 

niksiSLinft ;t 2 feet IM Inches SoTig'ly ST fwt U inebea wide. .\ collt!<l,iun of ITTi 
tdteoB of Ijfiivi^nft t'bliui rttul eul glaa^ nl .^IoitiiI Vemou In ibo tbno of 
WauLltigtuu^ wciB dojkosited liy MEbs Xannie IL lleSb. Among fbe Ijctibesii* may 
bo uieiitEoiii.'i! II gi 5 ld-iiioo.nti:Hl Bword and a el Ivor iiUclier pri'#Oiitt‘d to J. Hank- 
\iv:ii\ AtagniilLiT l^y cltlKenw of Vli^ltibi ami Maryland, atiil a gold ring given 
by Ukbertl Romerfl ta siepbeti Doesilur Jiiat l>erorc tbc borole di^tli of tlio 
former ou tbo /w 4 !rcjrdd in llti* tvjir wit Is 'I'rijioli In T:SitHi+ Tbo collw^tlona of Ibc 
Cotoninl Ihmiofs of AnierkTi nod of tbe Daughters of tbo American RoToIntloii 
wtire bulb IncrcflBcd by tbe addltlou of a fiiiniber of Intcrefltlnfi objects. 

Wins 1!L H. Riddninfv ikiwaliid i>2 plet-w of iwrcvtains nod Bome bronze, Jade, 
aud lawjuer olijectfi- Fifteen miiBlcal InstmineiitB were presentedp mDetiy of 
prlinltSie origin, liiongb Home arc of litstorlcal Interest. TUe nrlocliial addb 
tiena In giapbic arts wore i-fiEitDlnetl among tbe luodelB from the rntobt OllieOp 
ctinBlKtlng mainly of early ilevleoB iimv of extreme latercst in illuHtrutlng the 
hli^ton" of tdioiogrnptiy. 

Tlic detKirtiiKMit of blologj^ njceheil, as In former year^ Important c^rntrlbn- 
tioniip cblefly of mnminnlii^ ami blrdB^ from Ur. W. L- Abbott and Dr. H. A^ 
SbleaniK TI. Anuyp tbe fumier inakliig iHiMeellDiiB In Rnniatm nnil i«i«tb- 
w'efiteni Borneo, the latter In tbe Fbllipplne iBlaiids. EB^koclally LDlerestEnit 
for tbe pnriKif^ of comitnrbK^n as well as for exbihltioin was n serTes of in£l 
nutlers and 'lil BcnkiH of tbe Amerk^n of unusnal sIkc» from the 

Rtaje of \Yy4>tiili|g. 

Ill moat Ilf tJk! iitbisr noiflogSeal ifroups tbe additions were oxten&lve and 
repn>»PTitativu of nmny I in Its of the Wiirbl. Mr. Robert Rldgw^ay, who iqient 
abfitit four PnmtKx in C7o«on Itk-rt 4-oib!<d:ttig tiiatorini niiLl Infonnatloii for iiiO! 
In dsipeetiofi: with hla tnutmgmtib on tbe birds of Nortli and Middle Aiuerlcai 
brought ImicIe ji Itirgo number of stieeimoiiB. The Bnivait of Fisberios made 
im|X}rtant tmiiicfers of both lislics and marino hivertebnEtee, lanady oblaltHxl 
during tbe cxplomtloiis ef ttn* sEonmer lu tbe FacLQe iXrean. The 

collection of liiBeets was Inercamhd by abotit fiO^OOO specliueuB^ mf^lly Anierlcatb 
111 though vaJnalde eoetrihiiUoim Tvere aim recelveil fn.>m Europe, 

Through recent ncqulnlllomi, the dlvMloti of miilhiBkh now rnOFiaetues anthem 
ileatly uniued spcehiicus uf spccico of tbe Irtml shells of tbe PhUIpplne 
IslamH of wblcb about t,rilXl species have been dcficrlbccL TI 30 tmtisfnr to 
WuMhhigtoii from the museum uf Yale University of tbe main |iart of the coF 
BM ItwR-1 
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J^ilOD» l:l^ EDFirlii(> InvortebmtdD this i«j^coasl irork 

I be Bureau of Fisberk^ ainl plao^l In tbe aire i>f A. R Vert III for 

iftad? nTVil doscrlpBon* lina AiUled a birjso uniuhor ot inid n ntjll greater 

numlicr of ifpcolos im prerteosly roi^reaeiilcd la tJae mtu^uni. 

The eollectlou In heliuJtttboloKj' Mk reaeLoit a XHudUfin of nmnh tiractlml 
Importunee, sloee it eonloft a jreat cletiJ uf jimU^rliil n.i=ultlD|: froni ititotii- 
monl tDvcstfgntlonn oii ibu dlaensotst of man uiul nf wild miil iIomeAllc anliua]£L 
Tlieac HiJoeliiitifiH tuive |ie«i nmlnlj obtaltml tbrensb the SfarLue-llciatkIial Sten-- 
Ito, the Bureau of Aailimil IndinTtr^:, niiEl tbt? Bilrc^ii of FfptLerEeiL Tlie rtinid 
i^rou'Lb auid e^cel>EloTMCltiy fine coudltluEi of tSie colEceiloa are due to the elTortu 
of re^iteiieatatUe^ of the two burcaoH htst oientEoued. who are In chaT^Q of 
tile aubjeck 

The aivldioa uf |]lnniB recolTed a tola I of fllkout 2ri,0i:ii|] KiK^cInioiiES lunlnly 
eolteti^leU In >"nrtti aliil Font nil Amerlc^u the lan;ont aceeaseloua ^njlnp froiip the 
t>er»Lrlija^iit of AKrleuJtTire. Much vuTiiahte tnaterlal was olw) ikrhod from tlspi 
eyplorntluiiM at Dr+ J; K* Uoae In the liuulJjwcateitt United Stale» pud uorthera 
MvxlciK 

In the delmrtment of jfrology the moat Imtkortant ncoessleiiji wen? of fttmW 
luverlubnilcss. aome uf whkii were eafieelaBy lut^o iind uoleiriirlliy, Aomin; 
Utem umjr tko meiitkiieil the celi*bniUNJ (luKtar llELmhaeli colleethm, piirchiuied 
by ihe KniHbaanhill fnedllntlcm: Ibe Glltmrt qiilleelhui of Xlagamu foealk from 
uojrtlmm indlumi; a rery Inrjre iK-rlea of Untubrlao foHilla, refliilUn); from 
esploratlona In Brltlah CotuEiihhi iind Idaho ilurhig iho suniiuer of tEiOi 
SetTTetary Obarlea D. Wnleott: many re<reatly deacrlboi] aik^-lmenH detmalreil T^y 
Iliu Flitted Slalefl Sun'uy: cxtmialvi- c<dTcetlerLi» fmiu tln+ BaltMianIe 

fomiatliaia of Tetim>?wee iiiul Ylr|;Inlnp made by Ihiclor Baaator; and Talmihlo 
oxeliniigi'K from tkrmnny ami Fmuee. 

Of fowall verlebrntefl there were two esjieelalJy Importaut adilBlone. One con- 
sIsliKl »if a larae iiumlior at mre vpce^lai of reiiUlt^t and luammala frnm Tarlnua 
liorlEoue Jn the riilted Staten and South America, obtaluotl through exelmnge 
with the ARierk-au Mu»eutii of Nninml nktory; tlie other of the rvumiiia of 
R^'erul Fjkecica of feaail inainincili^ la o more- or h=«» fruj^mentiiry eondltJon, wh 
by Mr. t;{|moru na Oio Kmllhnaulau ax|M*ill|lim to AJankn^ Anumt; otluw 
addllioUB to the deiurtnicnt were wa-leH of rnefes and ores^ matnly frnni the 
Ooologienl Ssinrey, a nmulier of rare mlnernlii, ana ihree mcteorllm 

CABis ^jfn dAuamcATioM oy the h^Li^xrslost^ 

Afl coBeclEoiiH nrc ttKefvcfl nt the museum they are asnlj^ed to the di¥lalrjn& 
te whIrJi tbt'y l^elong, and nn‘ rtt cmee labii'leil anil rewrded as to their origin. 
In order to lunure their Men illy uud future uiM.'fnlne 9 !fi. The w'ork of idtusfllfleii- 
ttoLi II ud wj-HtenmtIc nrmnaeinen! which mjulrt^ the nntnlnpr of the 

otijerf!! or ulTwlroetkFi, eutatilug extennjve atudtee wJilrli often result In \mim- 
innt eemrihntlotin to knowledgiK The jdulT of i-miiloyeen dlnHrtly romieetetl 
with the Imtidllna of the Golleetlomt Imn ti!wa>^ utueb tMi irmall ta 
form EbUi duly In n ihoroughly i^lJh£actoT 3 - inauner, nnd. while tJie safety of tlm 
eollwttom* lipji titTii pecTin?d by ™itflritit vlg||nuci\ It can not he snld tlmt their 
malnU^ueo huH iHMen all that wan dt'^ltnbTe. ThesMii comllllonji rnay, of cfiunie, 
tv lalTcdy Rttrlbided In Ihe InndeQuate ijnartera affunlcd, but many of tJio dim- 
cuttlr* artslug from tbter oiun? might: reoEllty hnve Ihk-h Dyomimv with a greater 
forre of helfierfL 

The ropflim work of caring for the collwtlona Ea tlus same from yi^ir to yi-ar. 
ami scarcely nM?rit« rciKtltlon hi thia roTineetloit. There was ihe eimiouLiir^ 
overhniilLuj^ and deanlu^: of the dried speelmeim iiml of ihe dm wen* utnl 
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cantAlnlng tlieiD: tbt /ri>tim?ot poKsonlnj? of nmnj^ ihflUBfttulH of objocta Bubjoct 
to deatnictliin by fKsslA, and the tpd{?wiIL tif fticobol fin liquid prepara' 

tious, or the hllEnff hp of tatika, Jar*^ aiid vtalu from whkb tbe preBonatlve luid 
more or Icsb (jn^jorntetL The labeliDi? ond caUiloFT^lof of IndlvSduftl s[iecluieiis 
dlb Idoatinod wont on eontli£i.oduft]y, anti, t^Fldo^ there was the p^oiMifatlon of 
BiweLuiena for tbo nwnre lojiil exhJbItloa halla, the 4»eloctJon and arrHhfio^ 

ment uf dnpUaitc=^ for distribution^ tmd the Identldention of materia I rorelred 
from Severn I himdrifd pcrBona, aa happenB ei ery- year. 

Of lTive^lt$utiaus ooaduelod durinit the year mention mny he mndo nf d€- 
tiillfll idtidio^ CTU iho f!‘xujuplea of basketry and tmpn contained In rkictor 
AbbotT h oolloettou from soothwoftiterui MalayivIn by I*rof. O. T. lUawn* who 
also preikared n tiupi?!' piitlthnl ^ Vocabulary of Alidayslan basket work.'" Dr. 
Walter llnui^h h puiper an the nuinnfactnre of pnhine wine and began 

u study of the Miilny^iiu blfivrgnus roeelviFd frnui l^ietor Ahliott. The Jewish 
eETemoalttl obiert!*! In the Rational ^lusoum were d^^^'ribed and UliiBtnited by 
Dr. CyniH Adler nad Dr. I. OftRantiwlrfi* nml the Intter hea Id progress nn 
aooouni: of the ef>t!eelliin of romrles. In preLlstorle a,rebeo3o>gy InrestlgntlcinJi 
■w^ere condneti?*! by SIf+ WtHUni ft* Holtiws and Dr. I. W. Fewkcs. Dr. Ales 
HnLJh%n eiiatSnnetl hisi FtiidEw csi the hninan skeleton of dLffer€!!tit racott uud 
eoDipletotl ji DiannscrliJt entitled ** I^hystaloKlcal and inftlTiJill obsorvallqUH auiong 
the Indians of the Southwest and iiortliem Stextco," 

The iiriucJpal rHaearchrs haseil iiiimi the e^iUetirons in blolagy retniod to ibi^ 
following Buhjecta: The foFMn retnernnH of North ASni-Tlca: the hlrils of North 
and Middle Aruerleu; the reptiU's of Ja|riin, the fhillppSifce Islands, and North 
Amertcu; the inosqntloe?? of North ami Ci'aitral America and the West Indies^ 
the ruollnshs and brachial H>«ts uf the i^Ptem I'aelUe Ocean eolleeted by tbe 
Fisheries steamer Mbalffm: ernstacm ffojn East Africa and the Antnretie 
OLt-au? tbe crlnold collect Ion of the Ibe Chmls of the tlawallcm 

tsIaiadR; animal [mrasltes; uud the euetl, fenis, and either gmnihs of plauto. In 
ndilltlun to the aboT^ many rtdlecMons weftf la*tfi^ sdndted for Hie rnnK^iim hy 
pjw^clnllsTtis attached to other inKlltattons^ 

The material obtaJnetl dtiring hIS visit to MelCnr Cm ter. Canyon Dlnhlo, 
In May, ItMVT, was the subject of Investignflun by Dr. Ge<>rge P. ^lerrllb oc- 
cording to whose cxineluslonB the wel]'known and peeuMar depn-ssion exlKtlng 
there was oiomhI by Lnipnel, presuunihly of n lar^ne meteor, f^tudh^ vi-ei^ also 
eciiidncted on the meleorlteB In the lunsenui collect tmi tiy F>octor \ferrlli, nss^Bteil 
by Mr^ Wirt TnsstiL Extensive iDvestJgatienB wifn k'a tried nn hy Dr. H- S. 
Bossier on fosall ius'ertebrates^ by Mr^ W. (Udiey on foswll tnammatFW by 
Mr, \\\ GlLniore on fesEll reptiles, and by nfislptanla nf the Geological ^titvvs 
on fossill plants, 

BXttlPmort CDLLEETtOTIS. 

For some years past there has Irhsi ho oiiisjrtnalty to lncrcn»e tbe exhibition 
fxtllectlons, est.'ept Id n very IlDiltocl way, for la aoaHy all the halls tho enseB 
are ifti crowded as to Luterfere with Iho etrciiTatloa of yJaltorfl udeI objecrbi con 
not Ik? Tie well to ad vantage. This does not mean, however, that thefle cisllec- 
tlona reqatre any less atte^htlun tbnn heforop ataeo their niflintenanee ileMDiis 
constant overstgtit and labor. Moreover, ebanges are often nmde by rotiladng 
older collcetloDs with atherM more rocratly aoqDlred and of grt^ater present 
biterest, 

Frnm the new nmlerlal obtained for the Jamewtown Exposition and relumed 
ilarlng the winter^ ns many articles ns rungilble were placed an oxhlbltloDp 
Tbe loan coliectloas of Oexteral Wood and ^kjnator Beveridge were InidaBci] in 
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tlic vest hull. The jVJibotl c!U9i>» In the Of ihe sume liftU were rearitingedT 

and tlsq entire Pljtll|?pl“e collocticm, aft as It Sins been ijreparod for rahlbi- 
ttow, was i^lnced So the gnilcry of the Pnoblo eonrlii ubjeets of JewJrsli 

rellglouK cereuwntal from 3Hr. Ben^llut were Ineorpomted In the collijctino 
(ire^doufEly rtfcclTcd ffoui him, A wpijeJiil case of K^jiitiiiii antlqultlw nml a 
series of EpyptEflo <Coptic) icjHllei* wore armngod, ami ajaittnna were made 
ta the Bible collection. In the divisions of teidiuolt^ iiml biirtory 
found for ncnrlj nil of the objeets oblEitnud. The Intcreffi Ihej serlufi of ixjrtciilis 
of dtHtlngnirffceil jibyaJelanB, jirepircd for Ibe Jiinieiitowii KxiiOfimoo, ivfifi In- 
Btnhed with the collection of modleluc, nnd the loan col lection of iScldmorc, 
on the ceramic ^llery* 

The |irlucl|ifil nddltloiia to the exhlliltLon aerli'ii of the dciHirtmeut of biology 
conalHtea of n ahcTetoii of Ba(ril"4 iHfukod whnle, a rare Slhsclca, mid of n groiia 
of twlar hears obtained on tJie /Joslcr arctic expedUlon and pm^ted by nt 
Ziegler. The exhibit of Insecia which bna been In pret^mtlou for Home thrM.\ 
wan comploted to the ostent permlUed by the bi«iCo ai-nEJabie. Iei the exbEbl- 
tlon halls of the depnrttueut of geoTnj^ Minpflratlvely few additlcjiB or cbnDges 
were made- 

id zHCEtJ^iri^tJa. 

Duplicate siwelmcns, moftlly blolosleal niid geotoglHib eepnmted from Ihe cob 
lecthma dniinj; thepio^n'Mii of luvefitlgatheis were dLsposed of to the isninber of 
about 2*3,000. About UrOOO of these wen? ti«od [n nuiltln^ exehaueoa with 
efllabllshmeata and inEllvldunlja both at hnxae a ad abP>ad, whetehy llip collec¬ 
tions Ilf the muHcnm rccelvi‘il new mnterEnI to apii'riixlmatcly ibu same extent. 
Tlic other 12,000 H^iocJmens were utlllziMl In the casiomurj- way to adiancc the 
Ijitcraata of tenehlnR', having been distributed In carefully labeled and clasalfiod 
sets to educational estahllsbrneuta ihnitudii^ut ihe country, tteijldi^ the above, 
over 11,000 irpcclmcnB were went in BpeeiallstB for Study, jiartTy for tlie puhllca- 
tlotis of tho mciseimi and l«lPlly in aid In work carried nn uuder other aiispleoa. 

The total niunber of vtsHora to the public 110:1 la w*^aa about 300,000, a dally 
nv^ra^ of over peraoua. ThJa Is to be regitnlctl aa a Inrgc atteadam-e,^ cou- 
sid^rlng that the bnlldlags are opeaed mily oa week ilaya nnd during nfikliit 
hours- That the Nuiloual Museum la net serving Its fall pur|HjSL‘ ip ihitt dtrec- 
tlau, bow^evef^ Is uvldenecd by I lie ex|Krteucc?a of muscnais la other large cities, 
where oveolng aad Sunday oji^uilng liiBurcs a very much arfatt^r attnndance by 
extending ta tbu workLag people the oMKirtunlly tif exiiiuialag the eollectlouic. 

The publlrutEnna of the yHir aiinprhi?d the annual nstwft for llM>T, volnuiea 
32 nnd ^ and iHirt of vnlome 34 of the praccedIngB, hve tiviI units of bullet las. 
and eevonil papers belooKlug to the enuttihutlona from tbp DntLaanl herburlnm^ 
all of which, execfd the aanunl or udmlnlidratlve report, are doacrlptlvc t^f 
muaeum cclIcetlxfnH. 

The library of the murtcnm contnhia 33,304 voLomes, 32^112 uaboiPal pain'd^ 
aad a number of maDUBcrttds, the additions during the year huving couBlsstid 
of 3,237 boolta, 4,170 pamphlets, and 247 ftarts of volumis. This library 1* n 
purely technical ooe^ confliietl la that cbiHai of publlcafloau tN-arlng uiicm the 
subjects covered by the mu^mm calleciloaa, bat tta meanfl of Increment are *0 
nmhnd as to mriko It very dlUcult to keep Up those studies wbleL are e^ssentlal 
to the clasBifitTittnii of the collect tuna. Tlie appropriation for the purchiuH? of 
booka Is entirely Iniulcauale, and. In fact, the principal hicrcuse in effected 
through exchange^ and gifts. 

Durin g tbn summer of 1007 I he muHcum, In eonjunetlou with the IiLutltuMon. 
partlcllMitod In the Jaujcstow'ii Tcn.-euteimlfil litxpositlon. and the Intematlonnl 
^rlttmn ExiK»$lUnu at Bordeaux, Fmhce, the arraugemchtt fur which were 
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descrlbetl Id the lust rc|)ert. The CJthtblt ut ibe fermer expo«LUod wab dfsitrned 
to iUnstrate U«f aborlglnnl. colodtfil, and Dotiona] blatory of Ameilc?!, wMle 
the esitlre cellcctloa acnt to BoTt]eiiU3c bf the Govominfliit was nswiubled, 
ttiBtAllei]« and taaldtaUuHl mider the direction of the gaiithocmlaD iQiUtutloii, 
represented by Mr* W. do O- RaTenct admldbitratlve nis^Iatout ef the muaEiaiiJ- 
The dlrtplcty at JiuucBtwii ceotaJMx] many new gxnuim and series of objoert 
apoclany prepared or obtaSaed for the which bare since been tjjcor- 

pomted in the musenin eolloctlona. 

]le«{»ectfiilly submlttedH 

RrcnAib Katubitn, 

Asabrloiit Secretary, in ch^frge of f7* tf. iVaifortttf 
I>r. CnAJtucs D. Walcott, 

Secretary of the ErnffAjciM^ia /ii^fJIu/foa, 


AJ^JIDIX II. 


EETOKT OX TStE OF AMElElCAN I^TflNOIjOOY. 

Sim^ I Imv^ lionor to gybojit tlie follonrtD^ report on Uie operations of 
tbe Bowu at Amorlcnn Ethnolo^ for tbe fiecnl yenr efid.lR^ June lfN>8: 

HT^iTEMATIC UaHABCllE^ 

The ciiwTfltlotitt of the nyrfflsu of AmDrloiii ^thnolOiEy for tho 5^1 ytmt cml' 
Im; Jono IfTOS;, ooiuluctflJ In Ao<!OrdiiiH 2 o with llie ad of Con^re^ tonlclni; 
proTii^lEin for oaudniiln^ resen rehes nilathii; to tho Aitiericaii lodfaioi iincler 
(]|m*tjop of tlio Smithsonian Inatltutlon^ weir^ ciarelid forwatH in conformity 
with the lal&ii nf orM-^mtloiia flpijroTed by the Becrolary May STi^ ItWI. 

In prei'loua y^urfl, the syFtomntIc othnolo^c work of the byreau weib 
Intruared mainly to tJio rf>^nliir selcntlflc Ktatt^ which comprl^ el^t meaihcro. 
Thbi force Is not largo oiioiiiEin liowerer^ to glre itdeEionte attenilou id more 
tlmn n llmltctl portion of the groat nelil nf rcHcnrch alfotilrd hy the bniulrcdR 
of tribes, aiii.1 tlio bitnmu liqa sc^ught to Supply the ilefldency In n tneaimre by 
enli.^tlng the atEl of othoir RpceiaKsts in various bmnchey of the eUinologld workH 
Ity thin miianB 11 is able to extend it s reitenrcbi^ in aei‘eral clireeLlonB st a 
eomtMirtitvoly nwHlcirt ontliij. While m'eklujj to cover In the niost eomprohcn]- 
Etvu maimer the whole range of American ethnology^ tbo hureau Imi taken pnr- 
tleiilnr care to avoid eoterltig ii|Jon irwitfbea Uiat are likely to he OfOvklirH:! for 
hy other ngeacles^ pnbllc or firlvotp^ The rosy Its apyght l»y thq bntesin are: 
O) Acquirement of a ihonmgh knim-lodge of the tribes, their origin, relathm- 
Blilp to doe aniitlier ami to iLo whites, luentLon, numbers, eapnclty for cIvllEsca- 
tlon, cTnIm to territory^ and their liiterestB genemlly, for the praettcal inirposes 
of government; xmd tho completion of n systematic Eind well'roynded 
record of the fa^E* historic and Bcicntinc purposes before their nt>oiigliiiil 

ehanieterfjftirfi ami culture arc too grontly mudlUcd or are completely lost. 

DnrEng the year researches were carried on In Arisonri, >'ew Max Leo, Colomdo^ 
TeKflH, JSItitti^solA* Fcnnsylvaiilii^ find Ontario* tnvcfltlgatians la the flcld were 
tuorc tlmn imiially limited an nccount of the ncoeaslty of letalnlng nearly all of 
the ethnotondr force to the offleo for the pnrt>ase of eomt^l^t^i^^ the revIsEoii of 
their rorlous artlrics for the second part of tho Ilaudbook of American Indiana^ 
and In preiHirlng ndditlonal articles m subjects Overlooked In the drat writing 
or thnt are based on data recently collectecL 

The elder retnnlned In the oiUce daring nearly the eDtiro yenr, dividing Ills 
time lietweeti ndminbttmtixc dytJes and ethnolngk Invetdlgnttone nnd writing. 
The domplddon of auinerons artlclea for the Recam] part of the Handbook of 
American IndtaniHv the rdvlKlon of report s and bulletluB, and the examlnalloa of 
various manuscripts submitted fur publication especially clnlmed his attention* 
AHtdo from thrso oecuimtluns^ his dntleii an honorary curator of the divUlon of 
pn^bltftorlc nrcheoldgy In tbe Xatlonni Mnscum and as curator of the Xattonal 
dalletT uf Art nbBdrbed n portion of his time. During the year much attention 
was givm to tbe collections of the division of prehlstorle archeology in thn 
>^atlohal Museom, especially to their clnssiacatlon with tbe view of removal In 
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the near fmnre to tlie new Xatlanal Aruseam Lai Idlin'. In tJic snine cutinoeilon 
llie chief carriwl forwnnl the itrtjpiiration of hla Handbook on the Stoiio 
tnpcbtK of Northern America. 

In Octotwr iho chief was caUetl on to inolte an i.mclnl vlalt to the Jamestown 
IIxituHllioii for the jiunKMfO of exiiminlni; tbe exhibits of the lostUutlnu and 
KLiporliiteialtrii? uocessnrjr reioilnt In April he wrna npalimed the very stfint 
ilnty of vlalilni; tktrolt. illtb. In corapohj with the Seoreinr>% for the pnriwM 
of InaiicrtlnR the fc-reot colloeiloii of nrt wHwkH recently preKectal to the Smith- 
(Willmi liiailtullou by Mr. Chnrtes I- Frei?r, On thia ocvnulon he iivnlletl hltnflelf 
nf the o|HKnt!iiitt> nf exmnialti!? the Interesting coUeelUins of art anil ethiiolojfy 
lins'erred In the Detroit muaeutu of nrt. 

Ill June Ihe chief wns selected to represent the Inatltotlon as a incmher of the 
ilelemitlon of AtHerleaLeap|)oliile»l by the neiwrtnjont of State to attend the Paa- 
Amerlenu Seteiitlfle Congress to be held In Santiago. Chile. Lejflimlng Dcccniher 
SIS, 10051, and he beipie at once the preiianitlon of a paper t* be read before the 
caugrvBS, the aubject eheaea bclDir ‘'The PeopUng of .tmcrlea." 

At 111# beglnnlriff of the j-car Mta. VI. C, Stevenson, ethnologist, wan In the 
fifflice onxii Fil'd In prepcirlnR eniairia on her feecnt reeearehes lu the flehl. Her 
work Kt Trtoii, iianta Clam, and ether Rio Grande pueblos xvoa not no wflU ad- 
vimeeil as to admit of Htint treotiueiit. but progreaB was niftde la the eliiiwUtcatloii 
imd elahnnittotl of the data thus fnr colleebsl. Principal nttehtlon was (ft tea while 
lu tlic ofliw to the cornpletton of jwiwib relating to tbe nniltclnnl und food [ilonts 
of the /.iirtl ladbiiis, the tnhtheon of the SSnnI reltgious system, the symlKillani of 
Fiii’hlo decomtlvD art, nnd the propnratlon of wool for weaving among the 
Pueblo and NitiohD tribex. 

On Mny 23 Mrs, Sloveniwij nipihi took the field lu the RIo Granite Valley 
With the view of eonttnning her luvewtlKtitlnnii fttiioitg the Tnoa. Santa Clam. 
Sait llitefiHiKii, and other Pueblo pmups, and at ttio ctoso of the year she was 
nble to n-niort Mtlsfurtory progress tn this wort. 

Mr. F. W. Hodge, erlihnloglsi. wns enEfftBod during the year an the IIiuidlMwIt 
of American IndInns, tlic cilltorlal work of which lias proTcd ettrewuly ardunua 
and dimenit. Tlals work la Ui two imrta; Part 1. A-M, wna liismca front the 
press In March. IDCtl. nnd the edition became jiractlwlly esIuiuKted In n few 
iiimitha Iiidevfl the demiind for the work has Itcca » great that the bnrenll 
has found It ImiMrsHlhlD to supply even « tldnl of the cattles Tcquealed hy cor- 
rratHaidcnln, The quota nnitor controt of the Supwlntemlmt of pEiciinicntS 
nlM was Boon I'aluiuBtwl, nccemltailng the reprinting of an cdlthm of COO 
isiplre (the TlniU allowed by law) lu order to fill the orders received. The 
main body of part 2 was In tyito at the dose of the flucal year, and about 
2.V» ttiiKPs hnd l»'Cii dually printed, though pregress In proof rcinling was ex¬ 
ceedingly slow oil account of tbe great diversity of the topic* treated and the 
dlfllrulty of prejarlug ixr of tiiinging to date numbers of nrllclcs relating often 
to libseure tribes and subjecta. It Is GS]iected that the second part wUl be 
nady ft>r dlstrtbiillun during the coming winter- In the rtlltorlal work Mr. 
Iliidge had the assistance of nil tbe members of the stuff of the bureau, and 
esiicclnlly of Jtre. Frances 8. Mcfedsi, who devoted her entire tlwe to Uie task. 
Id nddlttoa the fanon'lug Bpeclattets reudered all possible asalHiance la their 
INirtlcolar fleldsi Mr. 8. A. Rnnett, of the Ualvereity of Cflllfarnta: Rev. 
W, Vt. Heaticbaaip, of Syraetibei Dr. Fniin Rtsis, of ColuiubUt Unlvaraltj'i 
Dr. Ilerberl El. Ikdton, of the Unlvur^ty of Tesas; Mr. D. t. RuBbuelJ. Jr.; 
Dr. Alesamlcr F. f'lianiberlaln, of Clark UnlreRslty: VIr. atewart CuIIb, of 
the Brooklyn Inst It ale M uacuni; Dr. Roland D. Dlion. of Marran] Unlveralty; 
Dr. George A. Dom-y, of the Field Vluseum of >’atuml Ulstnry: Mr. J. P. 
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DuiJiip of Indlainnpolls # Mr. WSttivrfyiW Ed.moa, of tLo Xtfvv^ York 
Lilbrnr^'; Ll^ilt4 Q* EniiiiiuiiSH V* N-i r>r. LIvLut^irton Fcimintl, of CQlii]n;kbIn.i]i 
UnlTensItF F Altco C- FJetclitr^ of Wnalidiaj^oii i ilr. Uonird B'owkc, of St 
LouEh; Mr^ M^EIJ of tlio Iiidlnn RSjyihtH Asweliitlon; Mr. WyiEnm 

IL Gemnl, of NW York; Dr. I^ E. Goddunl, ojf iLt^ UiiSv^?rwtly of Callfunila; 
Dr. GL'orgu ninl Grliiin^ll, of Ntiw I'ork; Mr. Honry W. lit'CiKliikw, of tbi? UiilEk?d 
StJite« llEo^06{i;^l Survuy: Dr. Ed^^ur D Howott, uf the Archicologlml InHtltuto 
of Aioerlcn; Walter lloiigls, and Dr. Atf?^ IlrdlljFku, of the Uultod Stntcia 
Natlonsil Mnitnuai; Dr, William JoDOf^ of the Field Mummuu of Xatunil UiHtor^'^ 
Dr. A. Ti. KixJtdjerp of the Unlvenilty of California; Mr. FnineEi^ Iji Flc^iebep 
of Wa^lui^on^ Dr. ^V. B. Lewls^ of the Field ^IneeiidJ of Nnttkml Illitto^^ 
Dr. Cluirl^ Ff LunkmU, of JjOhi Anj^det*; Dr. D. T. Mohoii^ of the Uultc^i Sinter 
Xntlonal Muneiam; ^Ir. D. Mi:^tilnv of WaKhlnirtoi]: Itev, Leeikoh) c Jfil.it'- 

Eunnn^ of Arizona; !^[r. Doane Kohink^ni, of the -S^iulh DakotJi i!l}CtE:ir[Liil 

clety ^ FVIttTiril Stt|>lr nnd Mr* Fniuk O- SlM^ch, of I lie Un lvprElt>‘ itt Pekk tkKyt 
vtinltt; Mr^ C. C. WilieuBbhyp of the Feahculy Mii8i^iiio, Cikiuhrldi?e: and Pr, 
Clark Wljffilert of the AniertEiitii Miwum of Xatnml Hifrtor^, j (nke this oecn- 
aloik to exprei^ the aptfroohitlon uf the hurraii for the vaJoable aid ao j;ener- 
ooalj^ rendered hy Htudents, without which It wonld not have iM^^n |K>a- 

alhle to make work either as completo or ns neenrate as It Is. 

Tbnui^hocit the Mr. Jankes .Muoney, ethaohi^lsl. rematueil In the utSet^H 
cicctipliid either In the prejhUnitlon of artldeH Enteiitlecl for the second jMirt of 
the Hnhdbook of American Indiana of in ttfermrln^ nnswers to ethnuloBic hi- 
qnlrlesf ninile hy £umisp(indcTit& of the hnreati. Mta principal work for the 
bai] 4 llHM>k was an elaborate and iieinIll'll stnd^ of tlie tiiilncrtcnl Ntren|rth of the 
ahnrlKtnnl iit>|]ttlutlou north of ^reiieu from Uie tinn' of iheir first contact with 
the whlh-^fl. This Important futtiHliitiEju of Awiurintn eHnsolo^- luta mwor 

before tkeen nikilertaken In a syistenthlkilkiiU'Okupn^lieEishe jiaimiiTt and the result 
proTCR of ikiueh sclent I fie Interest. ContTarj- to ihe oplninn friMpientlf ittlviLueed 
on stkttfrrheLal InvestIj^tlon, tlie Indhtns hnve not tnervased In number sliieo 
LLoIr Urst eontact with elvlli^rij puia, hat !mve ilecreawil by fully two-tblrdSi. 
If not three^foskrthte CftUforutu uloaf^ tbe most |K>jju|oaa htrse P^eetlon ilnrikii^ 
the nborli^^lnai tHirltnh euutaiiinl probably ns many Inditkiia ikfp are i>fl1eliilly 
reewnni^^ Itt the whole Untied Slales. The causes of decrciitk^ In each 
graphic Section are set forth In detail in chronolo^c sequence lu Mooney's 
stndy'., 

DuThkK the year PCf John !t. S,waiitoUp etliuologlst. wan occnpkil cntErely 
irllh work In the olhee, prlnclihally hi conuectiou with the Indian laninuiees of 
Louialnini ansi TeicasL Ue finished tbe niknlytlc dldlonary of the Tunica 
LaninaBC nnd eimiplled similar dlellonarlc^ of Chltimikchn, Attnraiu, nnd Toii- 
hnwa. All the ex tan I ComtiTiido and Cctounme ninterliih ns well an the luriterlikl 
[lertalnhkK lo r^laled tribes eontnined In Fray Bartholome Gareln'pi Mini uni 
[Kirn aUiiiitdfdrar los sacranicDtos (MesElcOp ITIBO)^ wns similarly aLrmhBed, and 
in addition ii ('^iminirutlve voeahuLary was construeted which einhnicea the last- 
in entiuneil data nk well the Klnmnknwa and Tonkawa. Durlnj; the months of 
.^lay and June another dlrtlntmry wnti proiiaredp enibmelik^ all the BIluxI 
lltiirilBtIc material eollcotcil by IK^ctor Gntsehet und ^Ir. J. O* Dorsey ia ISSO, 
anil The iiuiterhil In this hiAt work Is excopdonaUy full nnd coni- 

plete. The lYimecrado and Gotonuase, the mnterhil exlTneteil fTtmi Cru rein's 
rateiMilnUr and thu BJluxU are nearly ready for the press. The liiii(n,infles 
referred to above, with the addition of the Xaich^, Ineludo practicjilly nH of 
those 111 the ea stern and son them United Htates* tluit iiro lo immiHlIatc dauitor 
of exliiictloiu The Informal Lou regarding most of them Is very limited^ and 
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In im\vT ttmt ihv pwJouK uinlorlnl mny iiot hy iiuy be de#trtiytH|, 

U pJiiii|!ld he pblilljiUedI at iiii date. 

work iflJlctly llnirLilHUi-''. l>tM.-lor Swanton had In Imnd a paper cm 
the tr(he«f ef tbp lovirtT Vjillcy und Jielk^Mxirliij: coast of the Gulf 

ipf ^tescjcpi Thlif tan imt be rannUeted, howerer* until uddltlDiMl rosea 
aBitmu thu tflljeu iu cjumiell laive been nmde. 

Dr, J, Walter Feiflrkes, etbaoioaistp wipent July imd Aupi^t lori^oly Itt ibe 
IirvjisimtSoh ef his ri-txirt on the oicaivatlon iind rcpdilr of ibe Casa Grttnde 
raliutj Arlmnn, dnrlriij; the liroeedlnif UM-al jear^ which wii& |irluted In the quar¬ 
terly iHfue of the Etmlthsonhiu Mbscelktieotia CoHeetliiiluiL 

Doctor Fea'kt** was in Ihe Soatliw'ost from OctotH*r 2^^ 11*07, to the end of the 
flHcol year. From Noveniher to the mlddSe of MurcJi he wuk In chari^e of Ibe 
e^tcnvntion nji^i repair work at Casa Grande, for whleh ihertf was avnllnble the 
w\im of ^.OOOp itnprot^flnted by Conpn'ei^ to be er|)euded midur the direction of 
Ihe Secretary' of the Sudllntonlnn Inscltutlo]], The season's o|ieriitl>dnii nt Oim 
Grande he^n ivith esea rations In CouifKiuial the second Ln size of the ^eat 
compounds which form the Caao Grande group, Tbls wae found to the a ree- 
IntignTar nren Ineloaed Uy a matvlve wtilL ^Vlthtn thin ar-t^ ninny buEhllnpv ^he 
mnjorlty of which were once used for eeruiuoiihil anil pnr|hoi^ On 

^tlivntloa It waa nscertnlned thnt the two great pyranilda In Coiiiiiouiid B are 
terraced and that they contain distinct Doora The remuSiuf of ainiill, 

fragllt* walled hESttaes, resiuiiblinK Finin Jacales, were found uimn the toiia of 
tliffSepyrQitd[ls„ athil hi the uol>;htH>rltii; plazoa wuhteircLncan rooms, ulth cejuentiMj 
floors and flr&plaee^ wi-ro iitieartlied nmler the uiEisslve walls. This enuipouml 
w^as thoroughly tottulnsl with t'ortiand ermenh and drains were hnlll to curry 
off iho siirftii:** water, A roof wna bnllt ticiT the snhtemincau moni, the ile- 
rayed U|>rl);lit lo}£S that onee siiplKirted the wulLs were nephiced with cedar 
IJosta, nnd other riel'll were taken for the iKMuainent prosertatioo of these 
Intereoriug renmhia. 

The walls of ComtHiorLds C and D were trnecil ihrongbont; In the middle of 
the Jjitter comiiouiid Sm a InlTje hulldlng, the groniid jdan of which rescmhles 
Clasa Grande. The nmst eifcnslve strnctnre escnvntcd at ChSa Gninde Is n 
clan hoiLse, Jt hnlhlLu^ feet loti|r, with 11 rooms whose uiaj^Kive wnds Inclose 
a plaza. In the mldElIf^ of lUt^ ceatral rwm of this cluster Un^ro la n seat, called 
hy the Pima Indians ^ihe ik^ut of .Mauteznnui." On ihe HEirtli aide there is a 
burial ehamtierp the wTilli* of which arc decorated tn seraral colors. This room 
contaLiij a burial cyst lu w^hlcb waN found tin? sheletoa of a priest surronmJed 
by ceremonJal imraphetiMlta, The Im^ of the wails of the dna liouw? were 
protected with cemeatp ami drains were built to carry off w'ater. For the wo- 
vetilence ami information of visitors nil the buMilin^ excavated were appttH 
printely labele<l, and t^bieanD iiontJifnhtg htHtorlral data w'ere iiosted at various 
polnls. Althouith the afiproprlatlon was not Mumetent for eompleUn^ the work 
of oxratatlou and repair of the Oisu Graiule erouli» the nmannt amllnble nmde 
It imssiblc to prw*ent a type mlo showing the B^Tierai clumicter of the ancileht 
puchlo ramatua In iho Gllu and low'cr Suit River Vrtileys. 

At tho cloeo of the work nt Casa Grande, Doctor Fewhes wna able to make 
a ivmpanitlvo stuily of the moumls In the neEghlwrbood of Fhoattlx, Mewa, and 
Temin^, and alsi> of the ancloat hahltiithins on the Pima liesorvatlon. Several 
large mins th the vicinity of Tucson were vJnlti^ and an extenijlve ruin, knawn 
to the Pimu and £^{jaga os SluiknyTLimi, wna euimlued arar tho northwestern 
end of the Tucson Monarabwq. StwernI niielecLt n-sefTolrw, now cnJJed '' Indian 
tanks." altiiated mmI of Fasa GrnndpH aiang the tnill of the oariy Spnntsb dl#^ 
wverers^ wuru UleiUlfted by their hlstork tinlueii In n reconaolssaui-e dawn 
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PiMlm tllTer to Itn JiuiellcHi vrlUi thv- GIIji o tititiilMrr of rcilua wcro it1w?nv«-red 
on iMdli bnnkj^ of tlio 2?!Oti Iv^lru tiud of ArtiinHwi A vImU wits iilao nindc 

to Ihiitusliig Eo^wtoU cliintp liltulj' docInriKi nnitoimt numii- 

Uy oxfvurh e KuSnfi nra f tbf? molt tit of Toii^o ItKor w<*rp 

IlkDwIi^o oxjiiulnod. 

At XUi^ cloHO of A|>tII, by dlr«rllon of tlio SoeroUirjr of tho SniSthiiotilriri Iimll- 
tutlon* IXtor Fowkos: proci^^jdvd in tlii? y^cwL Terde Xntton.nl Park In sciuntonj 
ColomdOp whntn took of llio oxca^ntlon find repair work of ibp 

cclohmtoil Siirtift-Troc^ Honiw, Thb* rutu weiii Uinroii^ly exi'Jivntfil niMl ita 
hhUh were ami put in ipiml cuiiilltlon^ In order that It inlsdit HTvn nn 

n type rulQ of tln^ clllT dwellIni.^ of tlie V'errto Xfitloijat Park. One Inin- 

aml and roTTrxwit rooms and e1i;tit klvan were oxeavnlaJ: two of Lbo klvan 
were ftimlabetl wEtli naifB renkindriirted like abt-irlj^Lmtl klm rnofn In PealnMly 
HoUHfE tui appniaplt to tbo ruin was j-Tndcsl ami ilmloodp tmd Inbols were plnia^ 
□ t coiivejdMit iKilnhfl for thn In format Um of vijalturs, Beroral liinc^o roonsa, 
bltlierto nnknowm were onofirtliodH and tbe airootum of die klras w^as carefully 
Efndled. In Girder to doticct die wnter tlmt tnU otj die ruin fT\mi tbe rim of 
tlie tTiPytait i.'a'iHlJiS prmt daiiiui^e, ti elmnnel ittW feet Jontf whm tiliiErted ont nf 
the rotk on top of die cliffy 'Pwn col lections of o^rtisldoroble slsw were made, 
one at Cnm Orunde nnd tlio other at Wprui^Trw* ftonse, TLe fonoer Includes 
nmny rare and aeveml nnldde objeirts iLat shell miieli ll(jht on our ktiowli^i^e 
of the calttire of the pfehlfdorle InluihltiiTit# of the Cuaa drande of the alia; 
the Inttor Ineludos skolhi, [lottory of nlre forms and decorat Ion, Ptinie and 
woodifu Imideuiouts, hsiSketTji', cloth and other woven fnhrlcs, mndnls^ nnd hone 
Imiilcmcnts of ^nrlons klndfk The objeeta fnmi the fspruee-Trec lioiiac will Im 
the l1r«t Inrsc acceisriloii hy the Xallotml Muacuni of eulIiHdJuue of ohjoelt froai 
thi^ Meat Vonle niltia. Doctor frVwkcB eompieted bln work at Spruce-Tree 
House on June 2T. 

J. X. II. ircwlfh ytlmoloplBtn rcnmlnetl Itl die olHee during ttic eiidrt^ year. 
Much time wup dcvnteil to die collection rtud preparation of linguistic data for 
a sketeh cif Tnwjoolaa gmiiLiiiar us cxemrdlded hy the Oaondu|j:ii and the 
Molmwk. wilti UluatmtlTe esamptca frem the Payui^a, Seueoip and Tuscaroni 
dlaliiCtB, for the fortbcomfoe liandlKK^k of Aincrlenn Indlnn In 

pursuing thi*se studh^ He wit l was fortunate In nhtiiloliiE; ihuii ^rhlnh 

citcdilisl him to supply translations of ii number of very important aivhalc 
podllcal nnd diplomatic terms tn jhn Dative tcacts emhodyliig the founding, 
constitution, and structnre of the eovcmmeiit of the l^ij^ue of the [rocpmls. 
The meaidn^H of ihv^ terms am tmw j^metlcnlly im anumg ihnav who Pi^wtk 
the ir<i 4 |iHilDii laniimages. As time jiormittcd, these texts w'cro studied and 
nunotnUKl for iucnrfNDratlon In fi tnuiiograpb on the ahove-nientlonea jihuseB 
flf the Rovmiment of I he League of th^ [rcMinols, a work whleh tiltbertd has 
not been BorEoilsty undertBken twcautk* of Us euuihroosness, Uh lixlrenicty com- 
plleiiti^l charactcfp mid the Fri?nt dllbeulty In reconling the iiadie mnterlftl 
expired In fenn of Ihonwiods of wonls. 

[u uddltlou to theae atudles Mr. Ffowltt prepared for the nEudbook cf 
AnierleaD Indimis dcw."rlpdotm nf ihc early mlKslon lowns and vllhu^es of the 
IrwitmlB tribes, brief bloFmidilcal sketches of Hed Jacket (Shaj^oyevrathfi) nud 
Thayundnncipm (Joseph Hnint), end wrote several ainldcs on ttoqimla subjects, 
fiYom time to time Mr, Hewitt wps cfltled on to assist also Id prcpariii^^ data 
of an utlmoteglc nature for replies tu corriiffefjtjndcntfl of the odicep 
During die urealer part of the year Dr. Cyrus Thumaa, edmolngistf de™ted 
attention chsedy to the prcpuratlon of the catnloguc of bookB and r«|)ers relat¬ 
ing to the llawadnii iHlniids. Alter the nntnlier of titles had reached about 
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4,000 the Hi 2 «i(|tntloik’s ronLnijtU^ on [^rtntlnK; Musfl;catLHil soino mofUhratloti of 
tJie pinII of tlio cfltjilogiio which taec^imtoil a chaw^ Lu tho furui of tlic tUM 
of p«lod.lcnl«—nbosit onc-tlilnJ of otitlrc llwt. In connKtlon wltb th\w wurk 
I>octoT Tbomnti tmiOu Bupptpmefitnry osamtcintlon? (if works In tho llbmrleis 
of Wnalilisjilon. esrieolJilly the TJbmry of C<n]jfrefis uinl tbo librnrlen of the 
Di^arlniont of Aip’knlturc nml tho Nutloiiiil ^Eoieumni n'lid In llniiso of Doaton 
ond WorfOKtor. Uo enrrJHi «n so tor na time would ijurmit^ tlio propiirn- 
tlou of Kubji^ orMS-rcferenc^ 

Doctor Tliouiflw coDtInneil. to Asalst In the prciinnktloii f>f iMit 2 of the 
Hnudboisk of xiioerlcan Incllnna. fumlshlD^ ti nuinl^ of artk]fi^ oMpeolQlIj' 
bhJflTaiahloit, and nnsMlDi: the eiUtor In the riniillna of tpnwffl, iwirtleuljirlj' 
with tlit! tIow of detoctln^f otul^kns, lack of xinlforinltir to miiucf), etc, 

BPfOlAL BKNIIAnCIlEA. 

In ndOltlDii to the fy-fttenintle iDvciitlf^attoni^ cooilncted lij members of the 
bnrenu staff, rescnrchffll iif consrilemtiTc Inijiortonce tiinlertiiken by ool- 

liiilxpriUQrs of dlBtloetloni Dr. Frnoa Boas* lionorniy |i|iltol 0 i?lst of tbc bureayt 
pmetlcnlly eojnplcicd Ills work «n the HikJidliook of j\inerJenn liulljiii Lanj;mageSv 
nnd «t the close of tho year n hinn^ itart of the iniinuiJerliit of volaiuo 1 hnd hcen 
mibinhUd to Lbe biiroin. This ^xilntue comiirlarti an ox tended tiUroiluctlou hj- 
1‘kictor Botis, nnd a nnniln^f at istnplSpfl (pf Bclccted hini^nai^^^s^ hy spcetol students, 
d^^lPThtkl to Ulostrato the Inifixlup'tory illseusslon. With the anproTuI of the 
Secrctflty Uie first of these j^tuiUe*—tbe AtbnpasL^n (tfmiql)—hy Dr, Pliny Eh 
G oddard, was snhmllteil to the ptihitc Printer^ with tbc view iif havln^f It phm^l 
In type for the use of Doctor Bciaa In prcpiirlfia otbt^r fterliues for the press, Tlie 
highly twhnlcnl nature of the tyisosettlnj? uiude I his profeclurt* necessn r^^ Field 
work retilUttsd In coniii]otittk the handbook was llrultietl lo e brief Tisit by tJoctor 
Boas to ttor Ga^rllsle Indian School Jn PenTn^lvanta and to eertuln investti^atlunB 
unions the remnant of tbo Tntcio tribe In Ontnria, condnetod by Mr- U*o J- F. 
lYachtenburp. 

Dr, Herbert IL iloitoii contluncil bis studJes retatlniv to the tribes of Texan, ao 
tor as the limited time at his dbijiOHil E^ennltteti, hot la* wsis not able to uohmll 
tb& Ann installment of luannaerliit at the elose of tlie as was expectecL An 
ontlihO of the work uDderULkofl by Docton Dolton wjis presented In Ute lust 
annual rcjtort. 

Daring the year for the dm time tho study of iintjve ludimi munlc Wiifl so- 
ricmsly takon up by the bwmtsi- MLbs Frnnees TJeruhnore was camniiisefita3i*il to 
conduct eortoln Invtisitoatlonft rt^'lallu}; to the niUAhtil fonEuros of tin,* Kroni! 
moillelne cereniotiy of Ihtf CblpiH'wa on the While Earth lEosorvatlonp Minn. 
The' phonogTEkph was employod In recording the miitaa* and after tbe c!u#e of 
tho ceremony nlid tIhUk in (Ptbor Indian wettlemonts Miss r> 0 nsiuore was called 
to Waahliigton, wto^re alw rotprodneed her records and itngaged siieeci^liily 
in recording songs of luombers of the yorious Indian dcb^tlonH visiting the 
capItaL A prcllnilEiiiry rofport ‘tt^as submitted by Mbai Densinons with the 
tinderstonding tliat it Is not to ho printed TmtH aildltlonal tciicarches luivo tpcen 
made In the snmi* and relatwl ftelds. The eolloetlon of phon(pgrfiph!c rnMnla 
thus far ubtnlnod Is oitenRivc and tho Invcwtlgnllun promises re^sutts of eicop' 
Uonal tnterm and ittlofitiffc value. 

During the yiair nmiDgcnaeuts were mado to aceepl for jinhUcatton its n 
btillcttn of the burmn a report ou certain esploratlonH among the ancient 
motmdii of MlRBonrl hy J^Ir. Gerard Fowke* These eiploratlotis were under¬ 
taken tinder ttko nuBplcos of the ArchEffological Institute of America^ but form 
an appropriate addltPan to thi? work of the buroiin In this portleulnr field. A 
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pun of Hit? CQlliKllQttft nirule hf Un? arplorer vras pres^t€<I to Oie NaiioDal 
l>y the AttlwwlOK^ail Ia»Utute+ 

lE ifl proper tliiit iipfireeiatloii of the Krathltoiui laborA of Dr. Nattmutol !i, 
Enier.'iotl In edltloj^ and proof rcadliii; IjIh memoir on tlie " Unwrltlu^i lltemtarc 
of HflwaUr aeceptod for publlcntlon 4urli]$; the year as Hylletln 3^^ anO also 
the liEi|)omiTtt lnurt taken In tlio proparatloti of the List of works relatloK to 
Hawaii/' assE^etl to Halletlii 41, by ilr. Howard iL Ballou. eUouliI he nc- 
knawled^eJ In this cooncelloor 

raiE^iuivAtEO^ or ASTiiiirmya, 

Tlie litin^fla malntalaeU its liiterein In the anUciattles of the country during 
the IlalLettn 35^ The AiiLlgultteii of the Ul»ix>r tillii aial Salt Blver Ytil- 

Wy^ In ArtwMi and New’ Hc^lca, by Dr, Walter Itou^ waa Lftfiuea-^ The 
appropiiatetl liiy Coaufctta for th^ escftvatlon, reinilr+ and preservetleh of Caaa 
Hmnde ntlii In Arl3^aa, aiid the ?il,000 allutteij by the Interior Dctiartnieat fi>r 
ifJinllar work atnuai; the cliff of iht* Voixle NutSomil X*ntk In 

Colornda. were e:^i?c{idrd tinder I he Imiocdlii te nijaptcf a of tJie smUhaonlna 
InstitnikiRr the execution of the work tK>lnu Idtmated to Dt* J, Wijlter Fuwkf^ 
ettkoolotflHEp AH elMTrhcre retwrtwL 

Pro^rrtwfl whe luade In the prepamtloa of a catolofrue of antiquities and rnlo- 
nhle date lii this field a'cte c?Ollect«i hj IV* B, Doualns of tbe tleneml T^nd 
OfOee, whose otheEal Inttors recently brought lilm Into contuct with tbe antlipit- 
tie« of ih>atbeattlvrft Utah, 

DyrliJji the year* by exocuUto proclauiatloii, sereml aOdltlons were ntade to 
the growltiK of iwtionnJ monutneiatA ITiree of Uiewo are of ^^iHiclal archeo- 
lOfiicaJ IdteroHl. nuinely. tho Tonto Natloiial Monunient, eltiuitec] In the Tonto 
dmliui^ twialn. Glln CauiUy, ArlJS-. thclmlinit two elliT ilwolllni^ not yet res^orted 
on In detHih the Gila CliCC DweJlIuK* National Mouttmenr, (n the G!la National 
Forest la New MoiSon, comprlatii^^ the irroup of cliff dwellings described la tbe 
hurmu^s Bulletin 35 fp. 30), uad the Granil Canyon NatEDaaJ MontimeiitH coin- 
prtfltnp within Its UnitlB the Grand Canyon of the Oolorado. In which are sHa- 
nted Itiiiiunenible nntlqdUU^ Including cliff dwelling pnoblos; dwelliii|? Hites 
and bnrifll plnces 'fUe cliff dwellIhipt nte fotmd mainly In the walls of the 
ot uyiai^ while thi- other romalnB are Rcatlered nlou^ the niarglaa of the |ilatefluiL 

COULECTIOJIA 

The colloctlonB aciiuired diirlhiE the yt'dr and tnin^ferred ai?eordli]^ to enstotn 
to the National Mmseuta are not equal tn tiu]iortance la tbnise of the preceding 
year. The^' comprise 14 ncoe^ons the most nolGwnrthy kdli^ collectlana of 
slmne relics from the Fotamne Valley, by G. "Wyllo GIN and W, H. tlolmcs; a 
eoBeettoa of ettmologlc! material obtuliiid from the Tnhltaa Indians of British 
Columbia, by Ueiit. G* T, FrutudiiM, U* S, Navy ^ a collection of stone Implamcnta 
from Wuahliifftau Slnto, by C W, WIesel; and relies and bhlnan tKinen from 
ancient burial ptaees In Missouri, by Gerard Fowke^ 

FUDLICATIO^ft, 

Daring the yenr progreHs wnH umde on the Handbook of .tmerleau ladluno, 
and on the HandlK»ok of American IndJaa Liingimgui, an inentlonod on other 

The edition of the twonty-flfth annniil reiwrt, coatalnlng papers by Dr* 
J. Wo I tor Fewkes on. his orploratlons tn the West Indies and la Meilca, was 
recelTcd from the Public Printer In September; Bnlletia 30, the Haudbook of 
AmerltTia Indians, part 1, In March; Bulletin 33^ Skoletnl Kemulni SngKesttna 
or Attributed to Elirly Man la Amerlcfif In November; nnd Bulletin 3i>* 
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Antlqullt(^ of the Upppr flhn nuJ MU rallojii In Arlsonn anti N(*w 

In Fehmnry- The anniinl Te\yoti waa lo tbc liludcfy nt 

tlio eknw of the At thEit tJmti Bulletin PlijrstoIogleQl nod ?.IedlniI 

Obaenntlonfl lEtnoug the IndEnn^ of ^uthwi^tem United Static arid XnrlJiem 
aioxieop by Dr* Alu# Ilrdli^kn, wnn for the luiiln r*rt Jn irterK>t 5 l>e fornn wliSh? 
Bn] lot Ed 3S, t’nwritt<!ii Utemtiire of HjiwuII, by Dr. Nntiuinlel B. EiiM^nton. tb& 
mniiuiicrlpt of wMvh transmitted to the BtitklEc IVItitor early In the year* 
wna ljir|?oly In jKisefiv Tho Dinucmerlpt of Bnllettn TIinult Toxta ami MytltSp 
tiy I>r. John B, Swantwi, mul of n sent Ion of Bulletin 40, IXiiiidlK»ok of the 
AiPoHE^uji Indian I^RniTrtnffefW wna nlm tnmamEtttd to ihe rtihllc Printer. 

Tilt! illntrlhntlon of [inbllmtionit iwna etmtlnued as In former yenrs. Flftt'on 
hlimlreil copies of tlie twciity-fiflb Annual report, nod n like number of Hiillellns 
;?2 and 3ri^ ^vero distributed to the rc^lnr recipients, most of whom Pent their 
own imbliiratloiiB In exehnn|:e, 

Tlien! was n greater demaml for the pt^b] lea lions of the hureoil than durEng 
prevlrturt y^^ArsL Tlio ^rent Incrt^ee In the titimtjer of public librarlos and the 
miiltiiilleatlon of donmuds fn*m the piibbfr genorally, rasiilted In iho altnost 
Immediate eihnnation of the impiiiy allotted to the hurenu* 

DiirluR the year the hnrccLii received frurn uttt«(de aourcca a nnuibor of the 
earlier issiicfl of Eta reports and was thus able lo it^sisaid li> nnmerous requests 
fridn Menatiorfl of C-onaress for L'oiupEelo seta* eicopt the Hrst nnuttal rplw»rt+ the 
odlElon of which la Entirely ctihausled. About I.dfW ivplpii af tbo twenty-fifth 
annual report, as well as nunierona copies of Uie other aimuals^ bullet Ins. and 
separate pa|K!ra> were illatrlhutctil In rciSjiOnse to siH?eEal requests, presented 
inrKcly ibttuigb Mciubcrs of ConKress^ 

UffiitrisTte MAnxrflCRtrrav 


The nreblvea of the hurwiu L'ontatn inauuserlpts, maluTy lluRnlstle, 

The card eataloj^e of tlieiH* tEinnusciipts hcgiin In the prcceilln^! year and 
coniplotod dnrIuR the year comprises more than 14,000 titles, wllleli iflve as 
completely ns [iwHlble the slock Inngua^p dialect, collector, and locality, na 
w^lj A A tbe cbanicter and the dnle^ of the manuiK^lpt, While It iivas not pos¬ 
sible tn Gvery instance to supply dll the lufomiatlon called for under these 
heiid^ the eAtnloKue Is found to meet aTi ordhtnry ewpilrements of rt>ferenec. 
There wero sevoral Iniixirtant ndditlonn to the ti'fdlcctluD of uianuAerl|its durluR 
the yHir, ntfltnly tlirough piirchnse. Prominent amouR llURUlatlc student a who 
hare rereatly mdiniltti'd the results of thdr hibors to tbo bMPeJiD are Sir. Albert 
B. Reusart. who la maklujt Importnut Investt^itlnns uni[»nR llie Hob and the 
Qnlleute ttldlptitt of Waahtnpton, nnd ?ilr. J. P, Dunn* a lesiditig authority on 
tbe AlRnnquIati lauRuai^ of the Allddle West. 

Owlnp to the iiiiiiilicr ami bulk of tlio bun^au's uiniltl^ripts. it U not liosslhle 
to pbice them all In the flToproof vault, and about half the uiiiterliil Is ntraisRod 
In Rio enses, couveiileiit of aeet»ss. Tlieso uinnnja!rlplH miiy Ih? elaS^ttliHj mt 
It) dknhamrles nnd Tocabulariea; (Sli ymmiiuirsv and (3) imcts, By far the 
KTvaiter niimher an? vacahularles^ of vno'lh^r and couiplotonesa Usually 

they jflro tbe Indian name nnd tiiRllsh eijn Ira lent without recording the derlva- 
tldu or eurrent of the term ^vcn. Of irrentm ralrte an? the aevaral 

diet Iona rk'Sv among them a Dbegllui (SCouau) dlctlonarr prepjircil by the lata 
X Owen £H»rsey^ eontaiulttir about SO^OCRt words; tbe Peorm dlctloiinry of 
Dr* X E?. Gatschijt; an Abnakl dlctiaiiary In tiireo thick folio volumes, prepared 
by the Rciv Eure^ho Vidromlle, hy wbLiiii It was tlcEMslted with Uie bureau i 
and a dlcllonary. In flvi? volumesH tif the Choctaw tonRoo, by the Rev. Cyrufl 
RyluRton. 
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ILLt^STnATld^^ 

lip the dJrlsIoii &f LIMstnUtdris 2»SJ0 ptiotogranWe printa w™? nuido for wse 
in UlDstratliie pabllcfitldnA, for corrct^adeiitti, and for cataloguing o| 
ncgatlTcsp wMcii la now wi^lj In band. A large numUcr of iirLpln ol ImJlpn 
sobjeeta wijre acquired by tnuccbasw aod died for TOfufmm and for futuro nse 
ae Idnatmtlona. Tb* |ibotagrapblc work tncludod Uie Jimklng of J3d6 ncffitl vca* 
310 of ttHHte being j;i&nralus of Indiana of rivlting dolegettiQiia. Ttio importnnee 
of the collection of iK^rtmlta tbuj being brought togelber la Jndlc&ted by tbo 
list of tribe# feppMcntcd, and Is ea|?ec$ally empboabttfd I13’ tlu* feet tliat tboso 
delegatlojiB uauaLly couslat of tbo best repreBeninUves of tbo tribes and hence; 
may seno as tyi»es of tliq race. Xbo pL-gntlveB are dl by Ei lachea la sfee. 

TUii tribes refirraentod are as fbllnwat Apache (Apache proper, ^irlznna and 
New Mexico I CblrJcaboii band In^d as prlaouera In Oklolioiua) ; Atapaho of 
portbern WyouUug and aoutbem OlUnbonmr Cbcyieniie of iiortbcrp Montano 
and aotitliein Oldoboma ; CbJpi^ewa (WhUa Earth, Ited Ijike, and Mllle Lac 
bamls); CboctaWp Coeur d'AJi^e; Creek. Crow, Eaklme of Lfibrndor; Plutbond, 
iowa, Eilckapoo. Oumlia, Oaage, Oto* Pawiioe, Plma^ Potawntouib &111 Bltu 
(An^na tribes Rto Diablo, oontb of Panama) j S^bosbenl, ^loui, Teton BiooJC 
(Including Bml^, Ogalafe. Hnukpaiiii. ami Kllmsupa). ami YnnktuiL 

UiraABTp 

tiood progress wiis made hi accession lug and m talogulng the newly acquired 
books, paiuplituLB, aud imrlodfeals. In all Lbere wqt& Teix?fved and recorded 
doling the year 00^ roLumes, ^ luiiipbletar and the current isaiu^y of upward 
of ^00 aerials, wbiln nbout BOO vuliunea wore bound at Lbe Guvemiarait Prlutlng 
Oltlcc. Tbe llhrftiy^ now cnntnlna 14,022 rofeoaeiv 10,000 |MimpbleUi;i and several 
tbuiiaand ntimbers of pcrladlcsis relating to antliroimlo^v most of wklcb have 
been recoiled by cyclmage. 'Hie pnrchfisc of books and lawlndlcnla baa been 
restricted ta such tut relate to the burosti's re^'arcbes. 

ftestteclfully mihtnlUeiL. 

IV. IL UoLjigs, Vkhf iif Slureav. 

Dr. CiiARLta WAtcort. 

S&^ctar^ of fAc ^mUAsorifon /AS^IItf^foiiL 


AFi>t:fDix in, 

RETORT ON THE I STEItNATI ONxiL KXm.VKOEPI, 

SiH: I Mre Oio honor to eqihulit Iho feillowlne report oo ibe otiorottopa of 
tlie LotomnOoiifll exchniiKo BervJcw rtorhiF? the Jl»ca] j-mr cofltof; Jimo ^3*)+ VMl^: 

In odilltlou lo carrySns out tlio pcooMiJ ivtni of the clauRc of tttc TsiSI 
nsliln^ the Inirtltiitioik—{ItfTuBEoa of knowLeili^ tiiiMrhi* 

whloli w:m the occaeJon for the lini|ifjur«illon of this work in ISTjO^ the 
cvier-fncTOtf^Itij: inpeftitncas of t±ip ifyntcni of Internist lonal cxctuingcB i3f>Tit(m.ic* 
on ImpoHant aikl in the odraiicciDcnt of wricntlflc knowleilgf^ throii^hont the 
world. IlilndTiftlrt of thntiBu iHlrt of worka, coEiInlnlnijr nntofiif olbui* mat tors of 
JmpijrtanccT tho dctalia of tlio Intesi dEiccoverier and InvonUimtii, arc aiiuunlly 
broD^ht to this Diuisiryt T^hSte a fci3owl«lKc of cverydlduK of like oatiiFc 
iirEjdnatim; here Ek, ibrooiEh thl^ mcrilhioi, dlssi^lnnted obnooE 

Thy ^w'tli of thiji py-jsicm to llpt p remit coinprchcfSbfiTe (sroiJutlluiKS hm hecai 
tiioclo isoaalhlo tlirouj^h Uio actEoti of CTongrcas and of OdC Govomiuqiit In 
nc^tlatlnj^ tnntJos to irtac^! the exchnnge of froverontent and sclendllc and 
IRemry pnbllmtIon« n|inn o slcflnltOp tejm!, intmuatEoual footln^v A rcKslntlon, 
upprovod Moreli 2, pmthlrai tluit a> copies of nil documtaita printed by 

order of either iloii«* of Cotij^re^ and also timt coploa of all pubUttltlonn 
Ks^^ued by ally dolsorlmeot or bureau of tbn Govomment ehalS Iw place*l nt the 
dERposlllon of tbi' JoUit Cnnimittee Oil \h^ l.library for oxclulti^c with lomlm 
eonntrleft thnosjrh the nRcbcy of the SwlthBcmlaii Instltntloii. By a ^uhacttuunt 
rest ii lit loo^ wliJcb wjiB approved Miireh 2^ 1001+ the nnnihgr of seta of documents 
to l?o exeltongod with fort'lKo coiintrlcH Wflfl hicreased to 10<>—^tlie rcsnlts of tblft 
PLircmmstital exchnnso thronii;h the In^tltntloii to Inn re lo the iHEMnclIt of Gie 
rdhmry of Con|ffo«s, 

In addition to these two acts of the Congress of the Udltoil Stntc^p an Im- 
LiortaDt Convention wns slpinl at llniBsels In ISSd, which resnitcti for this 
eonntry In n treaty for the IntematlrOEipl exchange of ofhdnl dixriinieuts nod 
acleuiLfic and Htcm ry pubUcatlonH+ mUned by the Sonatc and prochtltned by 
the President In ISSa. ^totiy no linn ft unt iiartlcs to tills eonveotioa have since 
accepted Its provlslona and are condoctlng tntmintlonQt exchniiso burennah 

The appropriation, by Congress for ihe service dtirltiii the hseiLl year cEidlng 
June 1!0, li^GSy was (nn Incrcnnc of the piwuilng jenr), 

and the ?^utii collected oa account of fopaynieiitn was making the 

totnl a’S'Bliable rcsotircca for Intoruatlonal exchanges Through this 

increase In the upproprlutlon It was possEhle to Inaugniatc a aystcra of work 
wliicli has Tong hceti In mlml—tliut of actively seeking rctnms from foreign 
countries for the cxcltangi^ sent to tbetn by this Govemment and IIh derwirt- 
ments and buronuB. ncretoforc^ although theto has been some effort eti the 
imrt of the Institution to w?ciire pro|ier mturm^f and the bureaus themsclveft 
hnvo taken iJie matter up f^m time to lime, the United BtaEcs has been nlihfiat 
Chllpely [lepc-^ndont upon the good will of foreign etilabllslmieats; but to Feb¬ 
ruary, IflOS^, iin active and delhille eamiidlfm w'a« entered upon to secure 
reclptwal rehinis^ the exchange bureau doing the work and: hearing the ex- 
lietlse. The result has alriaidy been muiv thaiEi Kiitlsfacitory, but the effort La so 
rectstit Ihul Its full frultiim could hnnily be ei[jected within the y^sar* A ciottiber 
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of jJiOKt pnitll^ltiK ueJEBowledginentA hnTc biwia rtjcehwl fron] rurlfiust ilepaTt- 
of lbs? re^^Jinfllnj; thi^ now work- 

Tlio ItfliisnilBHlon vt ii^tkotrcs tm? Iwt^i tuuoJi more pmomiit dnrinii tii^O mH 
twolvt' luontlifl tlioii [lurliJii^ iinj- SIko jierlod in tho lilfltriry of tlio wtvIc*^ TUo 
lll£.•re^lftwi efficiency ttwit ih\B liidlcntea Is due In fireat juf^isure hi tlie |tract lec 
liuiiigiiTiitf?^! during; the of mukliig Hhlpnients to all count rhea nt [eii?t ence 
n monlh. Itl currying awl llil« liian It Ims Ihwo ncceOMiry tti ex|ioiHl conHiilcj- 
ably more fe? frcijfbt and Uuin during precloiiN yeafs^ liut as tbo good 

rn'mlts Iniye lx?cii so ob^loiia fnxjiieiii aliipmente wU3 coutbiue to bo luiidc w 
Jonp UB tlae iiiHJreprJjitlonH permit of tin? citra cipeiioi** 

A comniunIratSou was reretT^'^l tlnrloF! >'«ir from the- Consmtssion 

of Interentionni EseliJiiij;!?*, roqtlcstirtg, on bolinlf of tbc LiUrnry CoimelsHSon of 
tUo Donroa, iMt tlin United Stntea Ciovernnicnt enter Into an es^Jirta^;e of lair* 
LLamentJiry pnbiientlonB willt EtciHafa. TLc matter was takim iiji wltJi tJio Llbra- 
rinn of CcnigreKfli nml wbUe It yms eoujldercd that tbo csehrLTiin3 would i>o n niost 
tieslmlde onc» In tbe abcsencc of legJ«]jitlon Eottlng nimrt n of Uie CoDgreS' 
Blontd Kwenl for this purtwytM? [>4>niinEieat nTTangementH conkl tiat nt onto lk+ 
made. The Ubnirlmi of howcifcr. miwocdt-il In obtaltiltiK a copy of 

tliir Eecdni for tMa purpow, nnd tbc Inlerdbiinge of parllamenlniy' piitdlcatlniifl 
wan ofiteretl inlb witJi Busain En aiiirci^ As sueb InforainlLon i\» tlic ronjn’i^- 
alonnl Beeord watalmt would bo of nwre \ntue tf retvlvei! wLthmit delay, jy.ntd- 
Jugs were tonde dJreetly by nmlli tttnl lb)n L^mcllt!^^ will Iw fuMowikl In Uiu fnitire^ 

It nony be rnldcd iii tlitH coonecUon (Ant lAo I'rencb Cluimlicr of IHjiujIU'M bas 
also made a request* tbroogb Ibc llcpftrtmciit of Smte* for tbc excluin^'c of 
luirdniucntnry dociintcntfi, and thnt the mnltcr whm coEmniiuIrfilcd to Conirreta 
by the deportment during Uie Inst Bci^bin. No octlmi was inkenp bow^erer, 
tboUish it in onderstood that tbc subject wUl be given cionnldorailon at n future 
date. 

At the dme tbe conventton for fAe eJECbaage of official documents and ^lea- 
tlflc nnd literary piibUcatloDB wna entered Into at BriiH^ISr In nn ajp^ 
meat waa bIj«? aiude bcEwufen tbe UnlbMi fttattrs nud several oilier crJimlrk^i for 
the Innncdlale eJEcbange of official JourualA etc.* but In tUe iibwmco of the nee- 
oasary Ti^Jslatlon by Cougrenii no htopR have be^’n takEUi by tbe luBtllntlon to 
CBiTj thin ngreoment Into As llie axtlijeet lam now iHjen lireaglit to tbc 

cittenllnn of Cnnijresai a Fuffickut number of tMJpbwt of I be Coiigresslonnl Bixoril 
may be ret nslde for this purtiow- I rcmmiiiinnb bowovor^ tbnt the Smith- 
eonlan Institution Bcck to oxeente this figreemetiE by leglnlEitkm. 

Tbc Kingdom of Sorvlnt wlildi wsik iino of ibe slffuatoriofl to tbo Bnisao3s con- 
TtSitlon of IS?^. hns cover establJHheit n bureau of esclmngiyi^ and U lias 
necCBsary^ to forwdfd tnmsmljfialotis to eorresjitcindcnti* 111 ibjit country tliraugb 
sotEH^ other meiUuan Article I of tbo cooTeiitlou [irevldim Umt cacb tif ibe can- 
tmclliig Staten idmlL dcsltmale an ollkv to take cJiargc of the aad 

wEtb a view to having bsicIi a bureau cstobllEhod In Setwia the gtiod oUlcea 
of the Department of i^tato have been ooUcHcd In bringing tbe nnitler to tbc 
flttcnllon of the MSenrlnn nffieInJjL While the nutabor of ptibllcatLons at present 
KielumBed beiwiiin tbt^ United sialefl iind ServEn If not targe. It M haiu-^l that 
if Scrvla will deslgimtc soine olbea to take charge of the work It will reaillt In 
n fuller IntertdiaaKe of publiciitlona lu^twccn the two cuUnh-Ees^ 

The armtigcnw^ut of detaita coacenitag tlm ahlpineiit of a fbll set of govere- 
mcni documents to diiiia laivlng Onally twen perfeotetJ, the first conktguincatp 
consisting uf 1<I emteo, wa?^ under d4ite Of Pcbrtmri' 20, 100% forwarded to the 
Americnn-Cbloese publication cAcbange deiparuucfit of the tJlmnglial bureau of 
foreign aftaire—the deiiosliory deslgnuterl by tbc OovonuuerLl of China. It 1 b 
most gratifying to the InstitHtlon that after flo many ymm of nlmoflt constant 
endeavor on Its irart this IntcrcluiDge qf documoatv has at Inst been effected- 
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Am a rwralt of wm^sqT^mETPtic^ iK^rmrii Unf JtyrtltuUon ami tlac* 

aiplomnUc eiiTojfl from the ltc|>tihllEr of Ijhnrln, re^rarJlni? tho of 

fl Lureaii of Interuntional e5ceiuini:<?!ii In ihnt <!tJtirUry ami IJie Intefclinnp; of f»lll- 
olul documents UcEwc€>q Hid Government of lilberln and the United ^tiites, the 
<lej»irlxtieiLt of state ut U<mrov1ii hnn been to act un tlie c^JhClinlife 

iDtormciilnrY betn^eon Gie tivo conntTlca, nnd tlie proposition to exctinDE^c oIRrlnl 
publications has been accepted by the envoys, A partial set of United States 
Government docnnients Is bcloF made up by the Uhniry of Congresp, and will be 
forwnrdiHl to Ulbcrln ns soon ns recidvecl ut the InstltiitTmu 

NcKofMatrons condtieted tlirotij^h dtplonintle ehsnneTs have cnnhled the Uulteil 
StntCf! to enter tnto urmmtemeiits wEtli tlie GovcriLmeut of ^tontenepro to ox- 
chanj^ohlelttl docuiucnts^ and the ttrst s^^ndlnt^ of rt |»trttaL net was timde to Lliat 
eoiintry rlnrloi; September^ ]bUT. The documents are de^iioslled in the mlnlstiyrc 
prJneler dra affslrt^ C+tmngi&rea de Moatfas^s^rOt Cetltije, 

A service of Intematlortol i-xchn pike's hnrini* bet^n entnbU^ibed under the direc¬ 
tion s»f the lUhllotcesi NucSothiI at SuiitEn^^, Cblle, the t'hnenn esclini3j;e asoiicy 
hiiH recently tn™ tranHftTred from the UnlverHliltid de CMle to Umt llbrury- 
Tho ItiffEUntie?ji ili^lTt*i« to Tfc'conl It» urutnfnl neknowlt'^IttmcEit of the w^rrlees 
mnderod by tJio nnhemlly dwrins llic imat ttiTlve ycant lii the dlstrEbutlon of 
piECkaKes in CtiUe. 

At Hie of tla^ Nitckm:il Elt Sail Rnlvnclor, consl^menls for dliv 

trlhiuiqm In tbai eonutry will henceforth Iw i*iit In care of the mlnlstcrln dc 
foiut>!nto at San SnKndor. 

The titstltEUlou hiiH not jet birii eniccwpfnl In prcvntUii^ upon nu estnbllsh- 
meat in Kiaren fo snrt as the cschanp;e mcditiiu Ijctwwii that country and the 
Uulteil t^tntes^ TmnsDiliisiloiiB to Kori^, which were Intcrmpteil dnrinj; the Into 
ItuETSod^QpnJicKe wai-p hnvu ther(>fnre net beim 

Throu^zh the irrccklng of the steninatLEp Aetrark otf the coimt of i^utti- 

euHt Africa^ the IiiFtltutiou sulTorcil iht^ lo^^ of i^weml jmehn^ of i^xchnui:en 
(lestEned for com^ri^^ndeiits Lu MaurEtbis^ tki for us retiorti^ to this e]hLa% this 
Is the only Instilnc 0 diirlui^ the irtnt year hi wtikh jiachnges were lost while In 
tmnslt^ 1 nm p]Mi«?d to Riy thot nfHiu pri'^utluF: the facts to the seiiders;i duplb 
mfo coplcfi of all the lost puhMt^Ulnus were furnished for tmiismlaslnn to ^^nuTb 
ttus. 

In eentinuntJou of (lie woric Inaufrunited n feu' ymrs ajm, further stQ[iM have 
been tuken to nodlKro to a minimum the flnngor lu ease of Tiro iu tho rooins 
octrnpled by the hnreutl. An a juirt of the plan of the Iiiatltiitlon to divide the 
biiHcmeut of the buiEdiuK Into Beiuml flruinW sM^tlons^ mctnl dooni w^erc tiEacwl 
In the exthanjpi nlBce nnd In the hah imnuHtlately aiUnlultm. Scraiil portahle 
lire e^ttlnuhlabers have nlso been pr<>eiir&it titnl ptnccil where they mny he innsl 
acciwsEblo In ciibc of need, 

urrioLCiiAMiK or tx-ptiCATioHs nETWEM Tint HTAT&M ATTp ijrrit:ti 

cou^TmtM* 

* 

The total onnita'ir of (KickhpeH liaudhMl tiy the lutenmtlotial swnico 

diirltii; the imtrt year wbs an Inercaso over the miintior for the preciAllpR 

yt^r of The W'etght uf tliew inioknues wiik a dec^elfcw^ 

fmm 1L»0+ of S4,25l- This iJwreuae In the weljtUt Is largely iluc to thf^ rednctltjn 
tn the rtLaje of the $;oremtnimt docitruehts rijcelvpd for tmusmlsslna, ii may ho 
Euhh*!! that tills clretitnwtanco Jian riM^nUi^l from the csccntlve order iHsuod 
Jsh^iary 20^ JbOCL This order, Jn brief, pirtivtrJ«>E for the oppolutment by the 
hen [Is of departDKiuts of adviaory commlttoes on iirliitbiu aud publlentEon, whose 
duty shall be to »&& that luuieecaaiuy* hint ter 1^ exclude fmm reports and pnbll- 
ratlouo; to do awuy with the puhllcntlou ef tinnw'vssary tnhiem nnd to require 
SS2ft2—su lOOS-& 
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tlifti matUtlcfll mutter be pubUfilietl Ju conJttisefl it ml tniein^Stilc ftn-tn; to pro- 
Teut dapMcntieii of prIuUtM; by dlffureiii )iiiiwn«; to e^clndo unnecoeEaiTy LIIdb- 
tmtlonn from ilcFtBiruuLmt 4?lc, 

Tlie fttutomofit wliieli fohowii niLowa lii tlie oitmlior of paoknpsA ex^ 

cbnnjg^i lieiwetm Uio UotliKl Stuti^a and oUier coontrlofi: 

Stofcmrfit iif reseirctl for lAr 

Ej'chanffc* dvrif^ff the j^rar JO, i$08* 


CannlTj.. 


Fcir. 

Fmin. 

Ab^^nla ... 

1 





AJe«U--.+ 

13A 

tft 

Acgnln ...................... 

t 

1 

Ahttj^n . ___ 

H 


AnbdA.................... 1 . 



AnccaUnH. 


tpCn 

AiHtrtiirH oBifiijy 



AiCKV. 44 ^. 

'£l 


RhJW&IM ........#-r.....TT.... 

4(V 


PlVdlOi: , .... .. . . .... . 



BAHllDllJlid......... 

4 


..........i.-..#......... 

13 


Bf IjjtUm, , ,4 ,^44* , 4 „ „. 

4^1M 


BemincEiu......,............ 



njfiELi.FT'k Afnhljwln^Ci'. 

1 


BdiTlA ... 

1 :» 


]Bh3ra<n>.^4.fc+r..... 

y 


fliKlJ.......4. 

%xa 

Cji 

PtlilMh AtUAHm ... 

4>yH 

TOi 

Britlih BQniuL 4 . 

V 

^ *4* + 4i 

Evt Aftfm.xxx..^... 

1 


Bdtt^ OullLEUL .............44 

f\i 


Qrltljh 11 <i±Lilii±Mii_i._ 

03 


BultrutA_ 

IfiS 

U 

CftiuirF InUniti....^......... 



CAIHI Ooiaiisr,. 

L4a9 

lb 

OfT^DD ... 

1U« 

1 

Chll*..... 

3,133 

a 


1^XS2 

al 

CalamtilM...........X........ 

i,Wl 


Contm 

1.4LM 

33 

call* ... 4 *.... 

l,2fi6 

xs 

diOl^wci 

1$ 



& 


BUEDUlk .............. 44 . c... 

l,nia 

SZI 

:..WX-»*.T.XTTX. . . ... 



OnlaniL ^ ^ 4444...4 

■a 


ErbMikir........... ..........' 

m 


Etfrpl ... 

m 

KS 

MkUbd Idmdi __ 

lA 


Fiji uamti^. 

3& 


FtliU'CB .-.T.«+-.U4.4+..H>'.-+-i--!-r 

i^ao 


FOmch Cocblta C^lLq*. ...... 

ti 


OuriEuU) lUial AlrlCA__ 

i 


Qc^mmiijr _ . 44 ,. „ 44 . 

ai^Aoi 



eWMitlT. 


J'nt, 

F/kflir. 

Qrtkfta.lt*r... 

If 

1 

fkild Cout............ 4.44 444 

fi 


iJpi,m*il*,,,, . 

f 


tircAt lHil]*ln*n(t tja£iuutx 44 


\«irt 

01-^404 ......................4 

Ip 3 ^ 


firw^nliiiTtii ■.... _ 

a 


OiUtdcl^pD:.......... 4....44 

1 


OuflllrllmlB 

2X\ 


tlHlli ... .444 .U 4 I ^444 p . 4 4 4^444 

Lmi 


ilAii^*t4iAn liiKndi * ........ .. 



Momdiii** 4 i i i 

31-1 


HrTtaiklKELff.. .. 4 ....... >^ ^ , 

m 


ic^ini^d.... 

it: 


IndE* .... 


13t 

11*1 j-... 44 .. 


IpiHT 

JauuIc* ... 

W 


JaP*Q 44..4-.-.4444_ 

B.aijfr 

27 

Jut*..... 

3a 

m 

FreeButi!)^,...._* 

1 


Koitm 4...................444 

ar 


ljUnX44 . .... ■ . .... . P 4 44x4. 

1 


.^......i^............^ 

Cf 


IxHireufQ Mu^iojg* .4 4++...-«+ 


3S 

Lit**ipbtil7t-- - -__...--- 

m 


ItodiLpKBeiu'..........._ 



Sl^JilelFm.. 

IT 


iiAlla,,4x4..x4-,.x4.,.. 



UftztlnlqjUis........... 4 

14 


3tAllritlUJ . . .. 

Hi 


Meil&>,444ixx4^i4X.. 

l^TRI 

HU 

Monlnuef^TD .... 

■Jia 


.. 

] 


Marweo***-,,......._..,_ 

3 


SVtAl.... ... 


j 

JCttbirtifllwli......... 4_.. 

t,Ma 

1 JMft 

Kct1i..4+.. 

10 

■ + + -BT. r ■■ !■+ * 

Se wfoondlud „ 44 ..^ 

131 

m 

Si*w Sotrth WilM 41^*....... 

2,735 

477 

Kow ......___ 


III 

^iMrua*. .4_4. .., g, 

2 flT 

1 

XQiftklli blrindi ...--, 4 ...^. 

IS 


. 

a. 2 » 

aj7 

filTtr Cukfliy .44 . 

UA 


I^mm* ....., 4 « 

w 


F*C*^V.. 


100 
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c/ rcceir^tl fnr fr0njriMfwy^4>pi ^l 1 ^mlll^f«^^^f^ 

iSvfin^ the nufliaiJ Junt*. S0+ jfl/fW—L'lMilttniftL 


Ocitmtiy, 

rmekjypA, 

OmintfT- 


Far, 

Frtnm 

Fcpt. 

rrcmx 

JV2TBlit4.b ^^.^^^mM.,.m^mmmMmmmm 

4d 


SkAfn 

20« 


Putll._ 

l^lS 


SicTm IpC^no ..X.........X... 

33 




i 

Socl€rty tUa __ 

n 


RliVi _ 



Kiicilh AnHlnllBL ___ 

l,4C9 

46 


IpAI^ 


Bpaifi _ _ 


IRA 

lVtFt»|Hl*ii A ida-H* ■ 

a 


SlimlLi SflUlmneOli__ 

149 

1 

dUhODBluid ................. 

i,mi 

UQ 

i .1 _ 

S? 

a 

fijeufiloa ___ 



ftrrmatwL . 

i 


HbodeElA ...... 



Stmalvm...................... 

7,«ie 

m 

fUimwiliL.,,.. . 

m- 


illFlLBtrJilld ^>.p,. - a , 


1*061 

R'DVtft .i. ■ J ■ II.,. ■ ■ I ...■ ■ I.I. ■ L a pp 

4,Sli 

1,^ 

TflmunlA . ....a. 

LIM 

a 

Bl, CtniA.-a... 

1 


a 

JxStfl 

0 

Sta HC^EC^EMa. .aa.a..a.La.aa.a..xa 

tft 


T?iT3jU«d ..ax..... 

w 


8L JCUu...-a-.. 

26 


Tuni*— _ _ _ _ 


a 

0L Lutflrt,__ 

1 


Turkey ...a.... 

J,»74 


St, MnrUa 

1^ 1 


TUrkk miiii4a .. a..,.,. 

Ifl 


I^jtifTe uid JitLi|ii«]im-x.^, 

-1 


rnltfiddtalett.. .. 



Stn Tih4ma9 ................x. 

16 : 


urotfony- «——. 

1,372 


I 9 L. Vlneaiit.x.xx.x*.-.,a++.Hx+x 

a 


VCniemtillA a a X ax XXXX a a X... . a a a 

List 


SImI VhiIde' __ _ _ _ 

ld4 


Vletarta ...— 

a,gN 

610 

g&nUflA a XX+a xppx a a X a a ■ a_|i . a ppp a 

16 


Wcfllorn AiulTiil.lft-r.......x.. 

Lsm 

m 

Rojnm notiilhj^o _ 

19 

D 

ZUnfiblir .... .aaaxxaa.xxxx.a. 

It 





jiL k ^ 1 

mn* fuu 


Bcr?U .. 

m 

1 

liQI^ ^r-r^-r-rr 1--■■■BT■r .r 

Bl UJ9 

.1 

*JDO,59e 

1 


DnrJn^ tliQ year tiliQrQ T^cm flont nbrnDil Inox^ cif wlilcrk l«r» 

taJiknl L'tiiiiEkliyte sola (ff TTnlii^l Stutes Uovvrumijut dtucotuyntrt fup iiittUorltu^ 
duiJOsKturIcs, iiuU 1,73^ ftllud wliU iiu|iqirtiiiiMitiil ntiil oEUpt (mblU'rktltiMii 
fur of imitljiS BOtfi and for dlidrinitlon to mUKvlliincoli:^ corre^ 

wlMjndenta. 

EXCUASCGK or OOVX&HUKJCT EKfOtV^II^Xm 

Ttw? niimbor of [lacrhiigos sent abroad llirou^i tbe IntonuilJomL] ^cluiDgo 
mfrvtre Ijj- t7nll(7(J States (lOvrmnitsit ItkfftUntloikK ilurlii^ tJio yvar friia 102,03-4, 
an Incroavo over tboso forsrardLd durbi^f lliu twt-^lve tuDiiUia of 2^^ ; 

tlin number received in oxebai:ki»*o vcab 10+853^ on UicroaBC! of rx£l2, It la i^tlfy- 
iTifT to note thnt the [Dcneiiao in tiie piimliev r%'iHdve<1 |a Ibnn 

tile? Ineriinso lu tbo nnmlKT m?nt out. Tblii la duo In Iflrp> manure lo llie 
N^NjcInl mode by Ibe liiotltntloiL durlni: the paat yenr to olitnln for tite 

Library of CVmpreni? ond tbo isevenil dsrpveruDioiit ilopartmenlJt timl bumiiui mure 
ndegiuite retntTLa for tho pablieAtluuA Kent to their forelisn correwi«jedeu(A to 
wLleli lefen-uev lian jirevloualy bimt tciade. From the ndtiftm timt Imrv tlitnt 
fcir boen reeelvod In reupouae lo the reijiiesita of tlie luolltutlim, t feet rcmftdent 
Umt tbu exrhanm^ from abrond trllL durlnjr tEic coming yenr, be oven ijrenter 
than during the pnat twelve moutliR 

roamu?! ucmituaucB or v^nrt* oTArra c!0¥j^,-vwir!VT nortijax^tm 

In arCfttdjlTire vrllh treaty stlpLilntlona and uinler the aulburlly nf the eon- 
gufwnlomil reBolntloEi^ of Xhircb 2, 18117, anil llnreb 2, 11101^ flatting npart n 
iHfHoln number of dp^cutnenti for oxebange with foreign eountrlei^ LbEro Jiro now 
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Fe^lnr]y to deiio^UorSi^s aliFciid ^ fnl] <)f XTnitcd Stutea oraelAl r^ub- 
llcatlntift aoJ ^ partial seta, CMim luiTlnf bem added dnrhifr tbe year la iho 
Ifat uf countries ntcclvln^ fnll jh?I« and tuid Liberia to the lint of 

thotio rccclvlne partial sets, tbe details eoueDminj^ wbleb have been gWm else¬ 
where In this report A list of the reetplinitji of full and partial sets wm giret 
In tlie repCHrt for last year and need not ho repeated here- 

The roeorsl of oselmage eortespemdents fit the close of the ymr eimtnrnnl 
0DA23 nddre^ge?^ helne on j|lcre04i* of 2,0ltt over the procedSnj: yetir. A table 
showing the ninober of wm*i»o«icli.aitA In eaeh t:OTiiilLry wua Kiven In the last 
refKtrt, 

Ltnr OP riiTBEAnB or AonstcicB Tnitormn Wllicn ootiAttotai aik -nEA^rsMirrm 

Followiuit is A list of IniriHkua or dge^ieles abroad threnuh which the dlsfrlliEi- 
tton of excluin^nrn la efFected- Those In the iairer niid many Iil the eiiiatler 
conntEles forward to the ^culthsofilnn tnatitiitlon In fetuni ixmtrtliuthcis for 
dlBtrlhntltm tO the Uultinl Stntesi. 

A liter la, via Fmna\ 

AnfTola^ via PoHnipiL 

Al^enttaJiJ SceelOn do Iiei»dflUow r[etinrt*» y tianje de Pnblienelones, lUtilhitin;^ 
Xnclonah Bnenos Alreo^ 

Anstrla: Kr K. Stfltlstlsche Centra hCojnmlttsIciifi^ Vii-mia. 

Asonefk via PortuRtih 

UarhAilos: Imperial Deirtiirtineiit of Aftriertltiire, BrhlRi'towln 
llel^iUfi: Kervleo Belse ilea ^*hati|jreM InterDatlonaiix, Drusselsi 
PmuLiihi^ tfient by malh> 

Bolivia: Odclnii Micinnal de JoiidRracida, Rstadfstlm y PropaRnnda Gt'O 
RTlflvd^ iJi I*nt 

Pi^kM: S5ervh;^i do i*enu(ntaoi^ Tnteraaetennt*!*^ BlblJoLtiiJca Kaclefuih ttlo ilu 
Janeiro- 

British C'olonles: Cpiwn for the C4>i£)Dles, Lemdun.* 

Htitbih Oulana : Boy at AR;rleiiliu:ral and t^inmcrchil ^locEety^ ltrlitReti>wio 
Brittisli lloudiiras: Colonial ihieretary, 

Bul^rla: InatltuthaELS ot Blhnethi>i]nc Svlcntlditues dc S. A. R. le Prince de 
BulRurle, Soha. 

Cimadin {Sent by maii.) 

Cmiar>‘ Islands, via Stualo. 

Cape CV>loDy: Ooverimient Stationery rie|>nrtraenL Twu. 

OhLIe: Servlcln de Catd^ Interna clonnles^ Blhllotcca KnolnnnK Saiitlaj^o. 
China: SShlta-wel OI>Ber\'alorjp ShnoRhak. 

Coloiahla: OfleJna do Canje* Jotevriuelonnk'a y Itepfirto, BiLk||olei.u xVfielotinl, 
BoRotn. 

Costa ilti-a: Oficlna de Dct^Oslto y Canje de FMbUenolcinOa, 3a n Joef^ 

Cuba. (i5nut hy nml]-) 

DtHimark; KoaEellKe Danshe Vlden^kahcmes Selskah, Coia-nhaRen, 

Duteh iatdflnn: Surlnaamsche Kcdonhite IlIhllDiheek, Fanueai'lbc^ 

Eewidor: Mlnlsterlo de Itelnclmioa Eiloriores^ Quito. 

Kgy-pt: Dlrector-a.Tiamh Survey HeiMirtiii^itt Calm. 

Fninee; Smdee Fnincata de« BchanRes Interna tlooDiu, Parlo. 

Friendly lalande, fSent hy math) 

* Tills nwthod li employed for eOnnuunlcaUiiR with reveml of the flHtlsh 
colenlca with which no medium Is avBlIahlo for forwardLut; exobanKca direct* 
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OcrmatJjr: KnrJ Uler^emnutit 

Oreiit Hrltuln And Ireland: MeaMw, WllliAtu & Snn^ 28 Atrcet^ 

StTAudn T^ndocu 

KAtloaali^ Atlieu& 

(irieetilAAdi >1A tfrciiiiidflc. 

Oimdi-douiieg vIa Fiwtite 

GuaIoaijiIa: lAAtUuto NAcinual do GuAligmiila, OtkntoAiA^ji^ 

OulAC^t vlA t'Oftttgftt 

lliiiU: ^k'l;rfd3lr^; d'Etat do* Eelatlyn* aw ri-inc«. 

iZnndnfuj*: fttblloLecA NArlnnnl, Tokik'IkaIjai^ 

Haneary ^ l>ri JliHAA PlkiOf^ Muulnlmil OtfiiSr nf SitAtEstkir^ City HalL, BtidAjHi^L 
li^elAiid, vlu Dcnuuirli. 

IntILn: Iiidto Stcirc Dtiptirtniont India I^iidAEip 

Italy: f/lll^ni iIfkII Ik^nild IntomnzlfrEinll, RIblIntoeA ^haAlmiAlo Vittorio 
Eiuuiiucik^ Ttomc. 

Janmlea: Institute of JamAlcflp Kingston. 

Ja^uiu; DvtTiirtiiictit of Furolpt AITalrs^ Tokyo, 

Ja\^p vlit ^otlierlaiol*. 

Koron. {iSlilpoR^ts ti^mpomrlly snsiNHided.) 

Liberia: Tk^pnrtnMTnt of ^tnte, Monrovia. 

t^mroncA MArnTiw: Govmitueiat Idbnify^ l^mppTO> Mnnnira!. 

Ltiiemlinn;, via Ciomuiny. 

MailoKAEicar, via t'mnca 
Madolrik, via PortTignL 
M^Jloo. i^it by HAUL) 

M(miubl(]t{i-% viA PortiJgiiL 

Xntnl: Aj^nt-Goneml for NataU Iioadon. 

NfitUerlniidif^ Eurcinu SclisitJtlQiin Central NY^londats, BlbllDliii^^uv do I'TTid^ 
Tenilr^+ l4?ydpn+ 

Newfonndlaud. (8eiit by inall.) 

Kow Gulnesi+ via ^k-tborliioil^ 

K€W lipbiiilira. (Sent by mnll.) 

y.cw SotEth Wales: Board for Intenuitloiial Exebang^ Pnblle Ubrafy^ Byduoy^ 

ZcAlund: Donilnfoii Mdsenm. VVeTIlngicm. 

Nlcatnipin: MlDlsterlo dc Rclaelones ExterloreSp Mnnagan. 

Norway: Kongellge Nomko Frederlkii Univorsitot Bibllotbi^lEotf C.^irlstiniitn. 
Fameuay: Mlulstorlo do Rolueionoe Extofloroo, Aouiielon^ 
rorslaj Ikhard of Foreign tbe rix^pyterlna Ctnircli, New Vork City, 

1‘orii: Oflclna dc Iteimrto, t>ep<S«lto y Cntile tntemacional do FnbncAclmn^ 
Mlnlmorlo de Foments, Llnin* 

l*ortnBA* 5 Borvi^ de Form □tao^ies lutonmelDUiioK, BHillotbeon Naclonat, LlnWa. 
QneengElAOd: Boned of ExebDDgosi Brlabnao. 

BouituinU, Tin Gorman y. 

Bomtla: Cotniii lotion Busse dea Ktlmiigofl lnloiiiatioujiii3L, IBblJotb^ue Im- 
pdrlnlo Publlqiti^ St. Petersburg. 

Saint Clu-lstoiiber. (Sent by inotL) 

Salvador: MLul*£orlo de Helaelonos Kxtorlorea. 

Santo EKHntngo. (Soot by malL) 

SorvJUp via Genuatiy* 

Slam: Mlnlstor for Foreign Aitalra, Bangkok. 

S^jutb AufltrAlla t Public Library of South Auntralla. Adelaide^ 

Spain: Dep6Alto do Llbros, Cambio Intomacjoual y Blbjlotom Oouoral del MLn- 
UtorJo do Iustrtiec!6ii Pdblica y Bolins Artc% MailddH 
Sumatm, via NetberlandEL 

Bweduiii Kongllgn Sronaku Veti-nskaps AkudomLi.>ii, StaekJjulnip 


m 


A^hiVAL ruePOBT eMITIlSOMAN INSTITUTION^, IMS. 


SvIt’^c^rliLtid 1 Bfirvlcu df* EtiluiiiciiH liiteniutlanaux, On- 

tralc% Bom 

Syria ; Biiurd of Fnrfslim MtssEfsiis of Ltiu Pnwtpytorljm Cliureli^ Nini' Yijrk- 
Tn»cnianlii: Boytil SoclMy of l:Uft£iiiiula+ ItolKiirL 
TrutiitTnail; ifOTonitooiit Library, Prtlorbi- 
TrlpblQd: ViclEarln iuHtinittv IVrri af SiULlri. 

Ttinli^w via Frosieo. 

T^irkoy: ^Uu^+rlcan Boon! of Commlsulanei^ for For&I^^n MlRslfvniv BofrtQii. 
UrnyiULy: OUoIeiu Uk^isAsIIu. Bc+jurto y IiilonuioliLmktl, MoiUovliloo. 

Vontsiicln 1 Bnillatofai Xack^nnl, 

VJclorlfl: Public IJtirary of Ylctorhi, Mclbouriio. 

W'estorn Aiifttnilln: I'ubUc Hbnkry of WwEom AiufUrfllla^ PertlL 
Zanslbur. TS^nt by hjjiIL) 

IftTLlS qotl^aJfiNG n^- KXtJ1 Jfqjffl. 

Tbo ruloft govomlDg ibo iranfnulf^Eon of oxchan^oR liavo btcn allf;Jitly iDodl- 
fiod during ibL- ;>vflr, find udiIit -date ot Fobrimry I. n now oilEtbui •vrm 

(aiibllRhud. wblcb bf boro roproduced for tlie Informiitb^n uf ttisiso who nmy wl.di 
to iiui|;e UJ«^ of thu foctllUoR of tlio eorvtoo In tho forwtmlEos of csoUtntfos: 

lb Uio dSstrlbatEoD of Ita flivi piiMlcntloD^ utiriYid, SnilthRonlnn 

IiiRlItiitkPii oidntklSRlii^ n-EntEobJ^ wUb cortain fp^rolRii M'lontlQr jRicIoEh*^ unil 
JEbnirb^. lay of wLloU LI wu» cuablod to auiteE'lally Ins^itutlooH aud 

IndlvkliinEe of Xhia oaimtry iti tbo traiisnilsRloii of tlielr piihlEmHoiis nbrnuiL 
nnd uIho fcrvlgo HDCh'th>!ft aod tfitlLrldnals In ilLstribatlnj; Lbclr publlcatEonfi La 
tbe Uultcfl Sill ten. 

Id RViMit the Stabhi^blan InstUutLoa Laa rocogalxad by ih& 

T-altevI SEntea Gororiiiiiefit ttR In elninje of Ith oEllchd excLmogo burunu, tbrougb 
wlilidi ibo putfl^c^^tEobh- Eibllioriiitl by nint* eschfloj^od for thtm of cdlu-r 

iroTerninenlP; nnd by a fortnni irtaity Ll ncta hm InttirmopBitry betnreoii ttie 
learned \»n\ivi^ nud lltt^’niry adO aclcutlfle Hoclotlca of tJa> ixaiitractbig ibatca for 
the reCejitloEi mitl Lrntii^iiiEaBi'Fiu of their piibllcntlortH^ 

Atti'alloa Ifl caJIcd to the fnet timt tbia i» not n cloineatlc, hut ttn liitemnttQiuLl 
oxcbaii^o iH.TrIce. und tEi timJ to fncUllnle oxrlaibE^vis not wilbln the riilleiT 
Stiitiaik btit lietweesi the Ujiliwl Static aad other eouairLua only, Ar e^ebabiiEeH 
finnn ilomeHtEc sourwR for addn7^^sH?it lu Llqwalb the I'biHiipIne IftUimlH. Porto 
niieo+ unit other terrElory subJ<H;t to Eho Jnrljytctlon of the Unltr^l rtn ijot 

eotne wltbln tin* di*itlj^ti:itlon 'Muieruailtitmh" Lhey are ant arceptefS for 

tniniauEicifloEL 

riichai 3 ort preiMirod la bcoonlnnce With Ibo ritlOig eau mem toil below will bo 
received by tbo L^mlLtiRoidaTk luPtStntlon frcpiii [pertaomc i^r I list Lint Iona of leamlair 
la the United and fonv'nmled ti> their ileRtIruitlons throEi|Ui ItH own ugiiuta* 

or tlmiUi^U the various exrJuingc bureatia lu other ennatrlos. The ^lulthaonhia 
ngeuts Dud tbotw EiureiiiEH wdEl likewise ri'celve from eorreRiioadeats ta their 
ceua tries such publleatlons for addre^pee I is tbo Uiiltod States niid terrltoriea 
EuhJ^t to Ita Jiirlfiairilna us nmy bo delivered to ibeiu under mica mtmllar to 
thoiie prcscrllieU heroLa, nud will fom^nril tbeui to Wuabln*rtan, ufier wblidi the 
Instltatloti will undertake their dlitErllmtlon^ 

Qq the n'celpt of n cati&ljmtiiciit frotii n dooieatlL- soudm? It Is asslj^aed a 
"record auralper,'" tills nntiibor Udiiir |j1uc«^ ou i^itb jmekage coEitalned In the 
ePUHliaiaK'nL A rt?cord Is then made of tin* entire ll»t of paekuij^ under the 
seiiiLcFR nftuio. ond the scisuraii? imckagea ate entereil under the mitiw of tlm 
peiMn or office nddresw^L An nCYoEint 1 b thuH eHlnhllshed wdth every corre^ 
s;Kiud^‘lit of tfw? tustltLitloiiT whlcli j^liows readily wJmt paekaees mcli one has 
(fient nr received tliToiijtb the exebflUBe servk^. Tlie boots are tbeo pneked la 
boxes vrLtli i«>ntiibtltlCKns from other seaders for tlie saaie coiliitry, and arc for- 
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by fast frel;:Ul in Elii? buroaii -or abjtjuil whWh 1ms underUikeTi 

to aimrlbiitc^ exchjin^c-*! Ui Umt country. To lirltaln niul wbcrc 

pulil niTcufics of tlie limtltuElfiU ttro iiuilTitj^lu^^il. uliliiiiicfite nrv rtoap wui'kly: 
lo 11 n ollKjr tmtiKaiiSjsaibnis nro ikUL^lp iit tutorvals not oiio 

llSUlltlj. 

TntEUfuiissSoiifl fn>ni ubrdua for «3rr«fp«*ntlciite in tlui Uuttt^ Ktatoe aiuJ tor- 
rStory nuliJt'Ot to Its JiirlRdlrtEoii arc itlKtrllMilnl iiihUt fmtik by mnll, 

o TiNxml flrsl luivlui; tjuido of llks> mime of tUe nouitor rtuU of tliu mlilrt'SH of 
eweli 

Tlip SiiiUlisoulaii Inst I tot Ion sn^iimos no rcsjionHlhnity III ihn iraiisialesion of 
IKicka!,T:'w, Xml at nil ttniefi Itn liest i^iitJiniviorfi to formant prompUy to diti- 
tfii4itloEi oxelmu^a entnmteil t« Itn mre. 

TUo rules covizmTnR Else SmltbsontaTi InternftiToiml Eiclmngo Sorvlee tire eib 

folImvEi* 

1. I*^iokae£ft tutondeJ. for tfAtuttinliSftlun ibronelE tbe Jnsit Hut loti ulioii lEt lie ud- 
drri?j4?‘il “t^mitListtiEilnEs lEiKiittEtinis^'InfoEiinllorLiil EielEnuKe SkTVico,” 

2. Tbu TnKtitulIon uni! ItF aeenta will Eiot kiiMwlEi>;ly rccoli'e for any nddri'^ss 
riurebased books t AiiiMiratus or iDstnlifiptits of aEiy tlescrlpcloop whetlwr pnr- 
ebanc'd or preHeultnl- nor speelmcnfi of siuy imtiin* eieoetit wben niwtdnl pomilp- 
Bloa rnun tJie lEurtltullon bim bwn obtalriL'd, UEid then only tEiiiler the follownuj^ 
eoniiUkous; 

i a) Si:>ccliiMMi 5 lu hold wdll not be En!<)ei'tti>El fur trsiiMmlselon^ 

liotaEilnil H|H%Umeos ivlll lu! Tran^htetl nr the mtc of $ couta [ur pcmnd. 
All other mieciiouiis will ln‘ tEnunmltliNj nt the rate of G ijetitH por imiEniL 
Tn forwurillup; oj^ehaiieei! the sernlur rthEiulfl Eidiln'sa a letter to tlio lEislltn^ 
tloEi, sEutlnj^ by whAt route llw eoimlgnuiout Is belnff sbtpjied to WnshlEi^oii, 
and the uumlH^r of hoxefi or imncelH of which It Is composed, 

4. PoeknKi^ri ahauld iHf h^trlbly niMrviWHh ttKlEi^ the lauinifljfc of the coiuilry 
for whkh they Eire Intendi^it whirn pnietlcabk^ eleieI EivoldliiEt all abbrevEAlloas. 
When imckaij^'S are tnii-nfliH;! for fiot'kdles aiid other entahllshinotitEip names of 
hidividimis should l>c oniUted from tiibels In ortler to a%'old any [M^lble dispute 
nn to fEwnerahlp, 

n, rartnpes ehuuld Ik^ tiK^'urely wraPin'd In Atmii tst|xT itnd^ wbt^tE ticci:*!siaiiir^, 
tied with slroiiii twliie. 

No rmikape tn a slu^tle address should eteecil otvr^balf of 1 cubic foot. 

7. Letters or other wrhtcEi tun iter are not ;»eTEnltted lu exchnuKU jituehn^^b 
JttxehJiDjres uiUBt Ik- didivored to Iht.^ ^tiiltlututibi ei 1 nstImtloii tar Itn ngi^nts 
with nil Charlies phIeI 

11. it ilLiEiors desire acknowlodipuaenK encb pncknirc should contain n blank 
recellit to be fllMm-Hl und relumMl by Uw eatnldlHhmunt «r Indhidual addre?Esed: 
lEtui If ipublkutlontt nre dndrpd hi excliuiiRo, the facrt should be stmed un tho 
curd or luckage. 

Ill cuncliisfon^ mentloti sibolild be nmde of the valuable servlccfl which are 
midertsl the Dnitltutlou by thiew ctu-reujiondentN ubrond who ulve their [lersQual 
ntteiitloEi and douhtJess often cx^K-nd private meaDS In furtherliii^ the luterests 
of the intemntlonnl exclmnjfo iforvlce. Tlie thanks of the SniltbsonJan Institu- 
lion are uIik) due Mr^ diurtes A, KSup:, dcpnty collector of cufiloms at the port 
of New VE^rkt for his cnostnut n^l stance lu clmrlntr eschaDtu comdu'iimeuts 
from ubrond. 

Respectfully mdimltted. 

CTRUS AULEtt* 

A#«t4/unt JSceretflir^, iA cAffrue o/ JLfbrnrj^ UFif/ 

Dr, CiJsJULICS 1>* WaIOott, 

Scerttory nf the SmiihsoAlan iHiiUuHftn^ 


AirmxDix IV, 

ItBPOiVt QN THE NATIONAL ZOOllvOrTiCAL PARK* 

Sjitj I have tiit^ liiinor to JdutituU titii rctiort on the or»oriiUot]:ei of ttw? 

Natiotml I'urt for tliu flacal yrar eikillui^' Jone ;^0, l»OS: 

KOAhpl JlSP OrAL.Kfl, 

The cEKJiTt aat^ance uMide Id the ^Mirt the jMir Ima hc^G Uie 

decided l[iii]tt»venie]]t in the maaus of nwai? which wua effected by mvaim of a 
spcclEit npi»ropjrlatKuii of ^lu.EX^O made by Congreatf for the recf>ttKtrticttoD and 
reiialxinj^ of iralka uud roftdways. 

Frau tbb* iiptu-orjrlntluu tbiire were imt Lii e^cellimt coodlLloa the rnnrlwnjs 
from the coticrete tirldp> uoar ttio Quarry Itoud eutmtice nud fri«u the wfioe 
point to I lie ford lUTir the Klinjtle rouith A concrete walk wnf? couatrticteiL fniiu 
tlie lirldgc to uwip tbt Hon boiuK^, find M new r^^rmuDE^nt feotw'4ty was begim tu 
tepluce the teojiKunry wooden wnite by which uwKst vLaltora eutcfln^ fnim tin? 
AdjintN mil read reach thy nniniul bouae& A atcem ruLler Wiia fotiGd to be 
nocfwsiry for llila w'ork and ulao for i;eneml use lu ttie jinrk. An attcmtJt w'iia 
made to hire one, hot tlndinj; this inipracrtlcabks quo Tvafl purc!liajBi;>U, wcli;bt[ia: 
becwei^>u I oDd 8 toms at a coat of mid hns iirtnid fin excellent lueeuime^t. 

When the readtu'd wub broken up It was found thmuKliout a lurt-e r^rt of 
the extent to bo lu rauch worse eendlllou thnii expocteiL The crlglnuL uiueudam 
paTOnumt wa» lu aoiue pluceu ulmeHt w^buliy ^aiie^ while Id the oreek vnllyy 
the riiudbt}d hml ettllHJi Into ihe atoft firoutid, I'racllnilly the entire ho^Sy of 
mnciidaiu hod to tie ^iippllcd^ Potomne gneiss wiui usehI tar tbe base nrnj bt 
^wirt for the middle luyer* Limestone uiwjd for the top luyer iind for a 
cnusldenihlu portion of the tuhldle layer. The work wns delayed rery ranch 
because of n dllhculty in eoeiirlng dcUvcrIes of stoue^ Ttie largo uiuomit of 
nw construction and repair work that wna going uu niton the city aifcetB 
made such o demand for tmtuA that contmetors who supplied the elone for 
the work ill the purk were tumble to obiaiu Uiura to do the luiullng. Tbe ex- 
jmami of patting theee roads in proLier order was tberefury greater timu liad 
been anticipated. Tbe total sum exiumdedi luclnding ilic lay Ins of gutters, 
was flO^SiiClL 

The macadaiu u-alk extending from the Quarty-roiid entrance to the con¬ 
course. which was lu exirciuely hud condition, w’Ufl rerdheed by a concrete walk. 
The length of this walk whs lAOO f«rt^ with n width of 10 feet thronghont 
most uf tile distance and of 12 feat from the eutranee to tlie concrete bridge. 
The cart of this walk was ¥2^* per nquiire yard, and the total waa 

The walk from the Adams Mill raid cnirance to Ui^ bowlder footbridge 
to take the iiluce of the wooden walk is EbO feet lu length, with no average 
width pf & fccL From the bti-witiur footbridge to tlie ttiu-er end of the walk 
the Hse Is 102 feet The difficulties of makLiig this wulk were eonsldcmblu, 
fc^T in Home javrte of Ita caur^e it wna necessary to cut into the face of n eteep 
hillside, lineal juilms wexe taken m lOiftiic the bared sorfuceH and to plnnt them 
wdth indl^wus fnrus and other plants, ho ua le present u natural apiicamnce, 
02 
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It Is bcUeved timt thin work wajj tmtistinllj* rt«^wc«^thtL HiTn wnlk wns not 
entirely cDmiilo^ed at (lie ctoftn €f Okc ysmif, bcit will won be Qjii^bed. Tlio 
totJil enst wJU about ^»00o* ot which was ejciicndeil durljij; tlM> yesir- 
A ijeacrcte trnlk iilenir tbe Itotii ojul ocPl slcle of the BumW nuiinimil bonBCv 
Cor wtifeii a contfj3.rt wna umilo miilrr tbe iireiiouM yeiir'is iipifrnt^riulSoot wnH 
comtj'letetl booh sifter tlie t^'iitliiiiliiif of tLo yi>sir. I'biM ^nlk; wnA e3£ten^eil to tlic 
tGfU]HDiniry btrd bouBtv 

HCTLaiTIOR AHTJ ISCXliSTmEflU 

Tbe ontdooir cagw on tlie we^t Hide of tbo small mnnimiil honse wore torn- 
ploLyti and iitu now In nsic, Hie ftoors of tJiese cztitefi bovQ u Iwissi^ of wojiet ^et 
after tbe luanijor of Telford jravemvtit, wltb from to 3 Incbeii of eartli over It. 
Tbe fronts and to[P are Lonatnietyd of Uiree-ei^bibiJ^tiieb round ifteel, and llie 
parttllooH are of wire getting witb tlarWH.iejirter-lTirU tmunre inesln Tlil» uet- 
iJns iB donble, wttli a spaou of 4 lacbotf betweeii tby iwth eo tluit onKmiils In 
niliolnJn^' cim not Injure cme anotberi 
TIk" tw'G flddltlonuil Ivear yanla btillt front tbe preirtijata yenr's niipmjtriatlon 
were eoinpletcd early In HiIb yozir, am! tHXrnpleiE A ct^acteto walk VJ feet wide 
wrts cotistmeted in front of tliese and of ibe two- ynrda provloiniily bollu Two 
toiare ynnlflv work on wbleb wns iRirnn la Aprib Im^e been cojmrtieteil inalnly 
froEsi liifjii year's ajiproprlatiom It Is expeeted tliiil Ltio four yanlB reijuJred to 
eiitjiplele tJjb entire RorJes of ten wiU be eompleled during die year lOrtS-9. 

IVork was befnin on intrlosnres for [pbonsants and otber pi me blrds^ and ibis 
will bo romploted eorly Ln the coming yenr- 
A eonpldeniblo anaounl of res^ir w'ort lias been neeesKiTy on bnlMIngs and 
Inclosnres during tbe currtut year. The west wall of tbc anteloj^e lionise ii[il| 
a pordtm of the nonb end hml to Im? rebuilt* Owing to laeli of sitiTlelent 
fnndis for better coiLKtruetiyn, tldji bniMIng wan orlgltiMlly cnnuimotiHl In the 
cbenpest inatorbilKt siiid the woat wal] wan ao tmiLdi dacnyvtl that It waa wmik 
and um^Eife* Kevarni otbor \iQn» of the bulliUng had Ik^u toimln?*! tu previ¬ 
ous ypdirs^ The roof of tbe tetaiMirfli*y isntlon of the Hon bouse was leaking 
tmdly and bud to W retjaln^il ntid the akyUghtR ibnrt^iinhly oviTlmiikHi nnd 
((laired- The roof of the temtsjmrj' bird house was tilsw rt^jialnfd. Tliu ftueo 
of the IncloBurca aboot the llama honso wan tmtlrely rebnUt. Tbe buffalo 
fence also reftutreit rcfCLlr and a consldcrablo amount of new fenclnp and con- 
nldcmblo repair work hud to he done on vnrloufl other wlim ftmceo. 

The building oceuplud clb an uquariuiu Is rapidly rwi ebin g a slate when it 
must either be entirely rebnLU or whoily deiuollsbi.^ It will he nitaeiiibered 
tbat It WAS origlnallj a hay Hbed built In the uiof^t temporary timnnor out of 
Vlrgtnbi ]diie Inmberp uud tbat constant repalra ba\'e bL<«u ruiintred to kt^ep H 
hi a condition for oceuptme^v The fouudatloms ou which the timke rest tiro 
Ktnklug and s^reral of the larger [date^glasa froniB huvo been eraeked so that 
tlioy am not be naed. 

Thy mivii ut Adaiu-M Mill mad and QuariT mud enimncoH which had Ueea 
lakeu down hi onh-r to mako my for changes In the street approache!^, wem 
mptiiced and armiLgeuients uinde to eloRe the pork at S> p. nu 
A constderabio aua^aut of planting wm dutie durln}; the yi^or, the aim about 
thy itnmtl niniiinuii house and -c^tiytuilng townrd ihu Uoti lioumj w'us brought to 
the rthal graElo, covered with soil, anzl plnntal. Tin? linnkR near the llyini: cane 
were also plauicdt nml nhade trees nnd siimbH were act in vurloda other places. 
Nub bearing trim und bfiobcs were aim- pEnntai to furnish feud for squirrels. 

riaiis for u hospital zind laboratory' buUiLing wod^ prepared during ibe ycar» 
hut cnnstmctluu of the biiUiUug was deferrctl, eis all uvEilhibo fnnds were tiecdied 
for other purtiuscS# ^ 
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Vlii:tr OF ITTE ZfTTEflKATIONAIL KDOrjOOIO^L OONQUEBS^ 

A. noteivonby omu Cif the jotir wtis tbo vMt tiinde to tlwi park bj 
tnemhcr» of tbp ‘TutGrrifitlotiiil SCoolosricnl Congrose^ wblcb ^jccmroJ on 
-l« 1CM)T. ftttor UiG gmioritl nioeMiig of tlio eongrcda at ogi Aiigiieft \U 

to £4^ 

ArraiiKGiiieilts were ntade by a local comjiiittoe for their euteFtnlnnjeut will Ip 
Iti this cltjp so thfit the park was at no exitcn^ccif AtKiot SO of tlie fomlgn visitors 
nnmp to tlic \vitk nnd spent nearly tbo w^liole diiy EnspectLiig tbP eollEKrtlikii. A 
luncheon was servc?tl tlieiu on the stroteh uf Jawxi e^tenilLng along tlie banJt at 
the creek Jnst above the lower brygf?* They iipih^areil to be niueb Iniijirui^seil 
hy the Inslflllatlon noij apitciarnnee of the anlnmlE. jVmong tho vUltotfi were 
three dlreetons of foreJipi Mnnluns, tIr, IkwH; J, Ehttikoferi of 

Itotterdoiii : W. U, X>* I-e Scnjef, uf HeltkOqnn^ nntl il. F. flclmrff, tyt UtihUn* 
yU Ui tnotk^l, (^onazn^Hsloned hy the Froncli fiOi^enuiKint to Ins^icct forelini 
jcoological cMiablhihnLc^tap was ol^t present. 

AeeEsslo^s astd 

OiftK Idcl nded n gteflt an tenter ami two ciirnssowB^ trcm ITotu Ft, C, ftci nCers, 
American [Minister to X^aiuima+ 

A tine mulu ilwr bncht fropi Jnineit A« CarroTh snperbitcudohtt IhdtaD School 
nt ^te^alerow N. 

A Collection of ^ anliniils w'us received hr an axchange from the ^Innldpnl 
ZooEoglcml Ganlen nt Buenos Aires ArgentLue licinihlle. This inctudt>d ^ ^Hiir 
pf nlpncus on^ Hams, n lailr of grlwns a pair of vlsHicJais a pair of Pata^ 
gnainn envies s [laLr of cozuniafL rbens a I^atiigoDlaii a Mfigtmrl stork, and 
other mamuntFs and birds 

—Tlie purchases IneUided a male tiger fmm the Malay PcniiiKtiln^ 
as a ms to for the feninle previously f4>talnetl from tJa? ^me regEon, tlLTOQ 
Alaskan brown bears, an omng, a patr of wumUrrtHi mnnkeys, a pair of Kougo 
milalfi^ke^ a gnan a inaFe ntlgal as a piate for tbs fenmla already iu 
tlie iJonectiun, a lailr of gnatineoa, live Amorloin citlen^ n secretary vnltara^ 
etc. 

The hittbi aupiherefl pl ami Snclndcd a nmMItan rniilr, a yak, a 
Eitriairy^ sltcep, ii Ktiogo baniesaed iiat«dape, drer of aovertil a YLseneba, 

kaa^rooB^ wolves, etc. Eloveii wild turkeys were hutched^ aud various herons 
aiKl aiher birds nMiteJ tn tlie Hying 

Deaf ft S-—The deaths Included tbe Hoa Ijnbengnln, prcsentoil hy Mr. H. CL 
Mtajru In 19&4p w'hich died fram cliroaie Intcraf ltlal paeuaionls; a yonng 
Stellvr'ft fieri Hon jiulI a young Ahiskaa brawn bear, lost from luafnniiunla; a 
black luopfhrd from clrrlioBls of the liver l and n grent autcater from hienorrlrngie 
tio^dirlila. An tofectlua with a bacUlng pcsombUng that «f liog chalera took 
isfT j^lgeonB of various siieelaL An outbreak of scrlonn gastru-LtiterlFls among 
Uh? cats. Eupposecl to luive been duo to the meat used, resulted lu 2 deaths; Tt 
fttiliujils were alToctHL 

Om huudred and seventeen antopfllps were mado by tJie t>athologlsts of the 
Bureau of Animat ludiisti^’ ami gave ihc following tvmlts: 

Csatrltla and enteritis, 3(1; bftuajn’lyjglc proctltK 1; paeiido-memlimnons 
colitis, l; lmr«cUon af rKtutUp Imiiactloa of nimciip peritonitis with 
Intestliuil ohrtmctlom J; imHtmaltto with beraiu of large tnn^lncp 1; asains 
and tienmtoilo InfufFtatloti, l; tulmrailoiiLH, IJ?; pneunamla, 1^; congk'^tlon of 
luDgSt 4; poroeephala4 inf^sststlon 0? lungs, 1; bacillus outcrltldlsv 13: prolemi 
nitgarH 2; nephritis, »; clrrhtHdtr Esf iivGr, i; tatty dr«mnenitIoa of liver, 1: 
pericurdLtIa, 2; cUlntioa of benrt, 1| bynUne dcgenemtlon of heart muscle, 1; 
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* 

hkte-rnal tetnoTfluigt^ fnpni rttplmn; hi'-iniilomn im glaiziinl. 1; 

1: pjmla, l: rabl^js, 2; of utcni^ 1; cflrclnoimi of i \ i^eorJc 

Euuni^u^, 1; ruptured ovlduei, 1; slnrviitloii (youi]4? ecj'otesJt ‘i; cnuijeallou 
of bntln (from nccldciTit)^ 1; puiBbct wound (piiuui killer! IwimiHe of cnrvBtun; 
of splnu), 1 ; of i|E!filb not fonndp fulfil. 31T. 

ViaiTOHS. 

Tbc number of vlEltors to the iirtrk during die year wain Gr*2XiOO, a ilally nvet^ 
nue of nbouf 1+TS3^ Tbo lalKtcst number In any mimlb vfnn lOftJMO, iu ApflJi 
l&oa —0 dully ftvernjsu of 

During the yen if I here tbe part ITO JiChools^ Snuduy echoolsK etisws, 

Gtc.p with dp038 a moutbly niemye of IJ^SO pnpll?i While lOi'jFt of Uieiu 

were from tbc city mid hnuiuilate vlduliy^ 2ft of the isefKiola wi-rc ffftm neigh¬ 
bouring Rbitesj find clnaiM>ti ramo from Fulrbnven* Fitchburg, LexInidtPFU 
Wjilthnm^ and Boston^ 

7f>:n)!v or tiik rMfr^ 

Qrntmt orlarj/-—The lempotnry laird house Ik crowded fin ring the winter fur 
beyond It* proiaor eniinclty, mnl it la InipoBiilhlo to aire for the blnls sutlsfne- 
torilj. Wben it was bulltp nod nlso at rhe time that nddltiomt wro made^ tbc 
futidJ nrniinhie for the puit*04«:-a wer»> so emutl that It wiik uect^Aary to build In 
tbe chHiiioHt maimer poselblo, m tlmt tbo bouse ha a already fvqnlred sjourtbier- 
able tettnlr. aud will very «oiin have to Ik> Tnrgeiy rubullt The park has n good 
coUoetiou of h\T^ tneludhig ji numhor of nin^ intoreiattDg; ami yrtliiAhlc sr»cU 
mens, suthelefit to ftll nt once a large nyhxty nod make one of the most liu- 
imrtant aud iittmcthT features of the jiark. 

/iHrt'lAjMr Aoujrc.—Hiu t«t»|»rory bulldlDK iw!d for IblH jrarpOM Is quite Innd- 
nnJ. while It lute istrveij ilie purpew fnlrly well for the twniiorarj' tiouB- 
liig ef a few of thwe splumln, It Is far fmia mtliifnclurj' fer ItmS'i.'oiUlbUUil usa 
liieUwwfHS. wlUi pooK for >t*s» Uoiis uiid hniIrv The park injw 
hns on exhlbitlnh both the eommoD Cnllfiirtila fl«i Ilou and the great nortbem 
or Stellcr^fl nea lloti+ sealKi but tbesje aaktaalfl uow bare only very saioil 
]K>oliv which w'ere IntmdtMd for other nnimals. niid width art? not large ejinugh 
to allow the activity wbleb they uetHl la order to been tti bifalth and vigor. 

OjITcj? &uCfdNt£r near the center of ibo uctlyltles «f tlu^ iiarb. 

FHb:ie com/orf The present Htmctureis am imsIgbUy In Qfipwirancc+ 

Inadequate, ipid hecoqilag sorlnnsly In need of reiailv^ 

Jfr 4 (friBmo^.—There la now la use na n n^aufant tncndy att inctoE^ pint- 
form wllli rouf ami a lanaU ineJosod shod attached for t^Ofiklng puriiost'fi, nnd 
no place where %1sdtiJf?t can take lunch with comfort, rtlteclnlly In cold weather. 

^Acltrrj for vlKltorrp urv ui>ederl In various pnrts of the ^mrk. 

The SUflv hill^ rn,t:il|ileil by the condor engo and vnrlauii amall abeltotTi, la 
very nuMitiP^fnctory In npr^rancx! ami arninguiiieiit, and should he rwirraiiged 
or cleared for eHnniethlhir mure suitable for so prominent n location^ 

TAe rwTiftt wlileli It wa& uut fKKwIble tu rcci^ustTOct from t±ie special appm- 
prEntlon, are coming to l>e lii very bnd condlttom and an? serlouflly hi need of 
thorough repair. This HbouUl incliide tnvlng the ford acruaa the creek In the 
line of the driveway which Icada out lo Cathedral avefiuot and should aliki Include 
the est^^iBlcm of the guard wall at the aide of the Adams Mill road along the 
entire extent of tbc steep bnuk. Much of the macadam walk Is In very unsatlii' 
faclnry condition nud needfl thorough repair, und n couenrte walk ^ould be 
built about the dying cage. 
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AKKITAL R£POBT SMITHBOSIAS' INSTITUTION, 1D08, 


BTATEittfrt or THE. COLl^ECTIOIT, 


Accei^lotJS during th^ yean 

PreseBtwi ...______ 

Rcci?lv€?d Lo __ 

PurcliflBed ____ 


Bom and In ^lAflonnl SSmloglml P/it^L_ 

C^pliin^ ia Xatlqnal ZDotDgtml ___ 

Tml _____ _ 


Prc^cfl/icij, 

WiUe-t1ii™it()a cniJttfhiD, Liowt II. r, TX Lanff. tJ. S. Martno Cwtw_ 

Brntm ra^nictilD^ E. IE MeLciAlL.^______ 

Oi.'alDt* dOrtor iiDknomE T^nliJjid+ We«t ___ ""_ 

Jlttl foSg EL I\ Bran iE WuHtilugiaii, d. t!____ _ 

lie'll fox, JL A. FJtil^^jr 5c Stuu WnMli Erigtou, LV C!__ 

Coaitoon ferret, K U Biireln^r. V^ ii^lirngtciE ___ 

Ainf^rlmn LhiiJgvr, the rri-EsIili5n t,_«_« 
x^Jnlo dcor, Jaruus A, Carroll, ^kroisealero, X. 

Angom gi^nE Xoi S FEro Engine Com|iuiL^r WttKliIngtnri, Jk C_^_ 

Coiniiic:iii gacit+ IE CL Adiinifs ^'nBliloiyrtQiE 1>, C____ 

Grtij- firjalrpej, tbe Prti^ldBat___ ______ 

Grvat uDt-iitttor, Hon. II. tS, .Scjoirm mliilKter to rAuatiia- 

Oj>ORsaiii« the t*resEdent_____ _ 

Oposmin, Jjcc H. WEifllLlngtim, D. ______ 

Clio^unE W\ T. l^kwiKRl WflEliineton, H, r 


Doytlo ^eflow-IiLvid^l Anmznu, MIsa N, llorrlason, WnstiLugron, D, C_ 

l^no Jtkmii immu AoigTist Uiuck. Uulled JStntea DBUftrlaielit of .V^tIcuI- 

Piilrnkeet, Augmt Wnact, UnltCf! Statoa Dcr^ctmeDE ofA'^lVulfot^ZJZ^ 

Pamki^r Mnt A- Adtf^frg Wnahingtiio, I>. C_______ 

1'iirniU^‘t. J, O. iyij:»ugliiin« W'mdiiagtfiu^ C_____ 

Ui'il-tAllMl hnwk, donor anknowD^ We^ilngtoii, tx __ 

liornod owl, i!r, WashlnKton, D. ___ 

BoitwI owJ, CiiTtln Portefp Wa^ingtoti, D. G_____ 

l^nrred owl, J. E, Wood we] ]» WaaklOgton, D. __ _ _ 

Bzxru owi, Jnnltor of Alnbanio AtiaHinent IloufVr Waalilngton, l\ C_ 

Serewrli owl, Mrs* yiJIer, WnshlogtOo, IV. G__________ 

Serwch owl, IE Edninnafna, WjLflblngHHi. D. _____ 

Cumeeow, Hon* II, O. Squlren, mlnJi^cr to PonnEEn__„__ 

Gunn, Hon, IL 0. SduLftMm mlDlstor to Fanauui,,..^____ 

While-winged dove, UmL Paul D, Bunker, IE s. Arm^rKej W^'^r- 

meks, Fio— ________ _ 

Itlni^ore, Dr. J. It. ^iHirtgler, York, Pa______ 

Ringdove. MlPfl 11 C. Diij-, Wo^lngton, D. C._—Z 

^»l6kLng Mrs. Elllo Sti^ear^ Wnahlngtou, D, ______ 

Java iiiwnncm% hUm Well, Wnkbingtean D, c _ _ 

Wlii5rtIlijK srwiin, Fnitik F, HoLI, WasdilDgtou, D* ___ 

BItii.'-k-erownHJ night heron, J, N, UalBn, New York aty_ 

AlHgntor, Vt\ L. Harrlo, CharloRtoii, S. _____ 


Alllgntnr, irnt J. 3iL tTnltGii, Waalilugloin D, C«__ __ 

Alligator, Geurgetowu lloHiilLdJ, ^Vaslilngtiiu, D- C___"^”1_" 
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Bftni^ed ratttwmakiv Smjtli Itrotlicni^ Pa-,_ __ . - _ j 

MotiflTD imoka, J, Balearp^ Idiri^rlaU ____ 2 

Hog^nofled IL C; Ambler, Home. W, \a^ . __ 1 

Cliicken Baekei Armadillo Curio Company, Doerni% Tts___ 

Garter make. Armadillo CnrJo Coiniinny, Boenkc:, Tmc—__ 

Garter mmke. Armadillo Curio Compuny* Boemo* _1 

Groeu imiike, AmuidllTo Curio Company, Boerne, Tcac,^____ 1 

MouHe imnke. Armadillo CurJo Coiiiiiaiiy+ Boerne, Tojt__ _ . i 

Siintmary: 

Animala on tjaud luTy 3, 10 Oj^_ ______ i, loa 

AcceealDiia during tile year_______ BOl 

Total........ 1.TM 

Deduct lo«9 (by excMcge, dmUit and returning of anliiuilii) __ 

On liana June 30, ______1,^02 



, B^wdufl. 

loillriUuBU, 

IfMAitnala 

W 

1$A 

m 

713 


Hvrtilw ... . H .... ____ _ _*... 

30 

IM 

1 4M 

twai.,..... 


«M 1 

■irW¥ 


Beepectfnlly subntlCvd. * 

^^AKER, Supf^rtnimtimt, 

Dr* CiiAaL^ D, TTaLcoTT, 

Sccr^aiy o/ the Smithionlen InMtUKlit>n. 
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Amr^nc T, 


RI^RT OX THE xlSSTUC^pnV.SJCAT. OTI.^KHVATORY. 

Sia? Dtirb!^ the final j«ir there tiavi* hL^ no nltemtlnijH of the obsor- 
Tatory bttlMliii^ twyoad Hhgjit aecessarj- reftnlre. ^mc iipi^jijratwa top rt*cnivh 
hna IrtMfU imrdicJiM^ the uaiuil w:fi^utEhc t^rlodleiilB Mto boon contliitioch nud a 
finv books of roferiMiee hfti'o htsjn ndded lo the IShniry. 

Tlio portiounel Ima retiiiilinal ifrttotlirnny tmctinnjzed. MIbs Boott serretl 

as nddldanat eomriutep fmia July 5 to Auitnst lU, IDOT. air. J, C. D^rycf, who 
hjiil Berved fhltMuRy find with fiiiil pnwhijr gwietnl liiiefuliieBs ns inera^eORer 
for 9[!VQrttl jHLrs, died on JiLnnary 25, 1S50S, Mr, Mv^ vr Beiml wns emrilnyea na 
mosscneer, hc^onEn^ February UK ]aOS, mid Alp, B* AldPleb ns boEomoLrlo 
iissEtBtnnt trom ainy 11« liXJS, to the vad of Lbs flfscnl 

The work of the otioori'ntory mny Ih.^ consldoretl imcEer the lollowliij; headit: 
]. I'obllcatlouF; 2. WnuMnirtou ohsurrntJous; Solar nqhfjfio expedition; 4, 
aiount Wllflon ohseiratlona. 

1, nmucATiosB, 

As stated In last year's Use preinratlon of YoJnine Tl of the annnls 

bad aeaply hnlalied before the beKlenhia of the fiscal year. Rise the com- 
plettan of the ciitnputiitioas. a aid tlie no^isln^ and mjhocfciDg of rewltft coatio- 
lUNt to occupy the stwn' Tiatll the latter part of Ocfd>or« The mlsloti of proofs 
contlnnetl inlormlltently itQtU Jjtireh, iiml the edition of tJiOn iM>|iles wart re¬ 
ceived In April, About IJhJO copies w?cre nt once dlstrlbutc^l to libratkti, 
obsemntories, scleatldc porlodienls^ uml men uf tn'lcoee throuidionE tbo worldi 
Commendatory tiotlccs by letter and In Jouninls, ahd rei]Uralrt for eoples of Use 
v?t}tk bare lM»^rt:i uumermrn. 


2, WAHurHciTDSff onsoivxTio^a^ 

The ohpervatjoii of the relative brlsrhtuepis of different pnrts of the mn*» disc 
tma Koue fnnvanl as there was opportunity^ ]ni|iroveii me thuds of ohservlng 
IInd pedueliif; these utks&rvattons have been adojPtrtL 
Prepnmllona for ubflcrrlog the Qbaorptlcm of water rn\Y\t In lon(^ eoliimns of 
iilr, for the rei?3on of the spectram where rays are cblefiy eusEttod by tho rtirth* 
have been cairlrd to irueli n atate thaE prellmlunry miHiAnremeiitii have boen 
made. iJony dlineultles utteisd this research, for the niya ohiterreil are whetly 
Invisible to the eye^ and ore \erj^ ft‘elile+ oven In lite emission of the hottest 
Ijoille*. In hub's niyu they are aluns^t wholly atwnh heennse t>f fbo abBorlstupt 
fiction of the water \n\M^r eftcnniilenil by the pun's mya In oup ntnuisphcfe, 
Ccw substances are tnmstmrent to I hem, iind oven rock suit fatlrt In intaa]rar- 
cneji for some niys are of wiy lonj; wnve-lenm:h, w'blcli art.^ of I'oasEdemble 
tmponanee in the atiectmiu of the c^^rUl, Stray mdlntlcin fl^mi the walls of 
the nwte miist be taken Into amrunt and the itlraying of myrt i?f less wave- 
iefi^h from regions nf tlie Mt^cclrtliu w^hcre the etnla^iioii of hot ^inrces is 
plentiful la n traublcJKJnae iSlUkmtty^ The luveatljpitioti being carrEwl on with 
a cohimn of mulat air about 400 feet Ui lougUh The work Is under Mr* Fowle's 
dirvetlou* 

OS 
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aETOHT OF THE BECHl-rTAJlY. 

^ l^CLIPSK laCfEHTTTO^—A 1»L&MI:TK1C BTCHV OF TUK i!OBOWA- 

TI 1 <? SDiltligoTilun Hitftttiitloii rcfpiwsml^ nmms oJ^ROTvcre of tbo eelfpHe 
of JEtiiuarj^ !>>■ o expcHdltlofn inf'itidtag Uie writLT And ilr. A, F, 

ilw>rL% of Lijs Angulijwt Our chnrirra wvru defmi'iKI by tbt Iii3d;lti]tinn, but wc? 
iveol by lnt{tatlE 7 fi Aud wItL th9 cwpetuHou of Dlr«;t<ir Cumpbcn, of tbo LSut 
Obfiflrvntorj, nail nbarsni la tLo beai-fltii of tbo turoful provlBlan wliich lio mndo 
for the jjenerul T,velfftTO aad sucot^ Tlko Olm>rvatloafl were umde pt Flint 
iBlimd Ul ibe ^latL Pad He Ofx^tu My absimce from Wnsblagl^ia e^tendi^l from 
^ovouibor 5^ JfN37, to Pfbranry 2t 

Wl> proposed to ai^^asurfp wjlb that Mtronaely sooelt^ve elcctflccil thvniiaiikeci*i' 
called the bnloinrtpr*'* the lnb>adty of the tfliibitiuti nf tbt* mUr con>im» and to 
dctcmilne the qtirtlSly of corosml llKht nm comixitod with auallght^ 

111 the year l(KX> the flrsli iHilonietrtc ohiwir^aitionB of the coroiiEi were nuide 
by SBOilb^hino obeerveriu From tlnisie ohaomillona It wns Infcrrodi tlmt. ns 
rcunrcls qiiitlliy, the nidLalloii of the Inner coroim wn* fnr rleber thim that 
reUf^'tod from the moon In Tlslble ]\^hu In ^lew of tbls OTOHEdemtlOh and 
others, the SnfereiuM drawn by the writer from the bofometrtc Btudy of tho 
corona amde In. IIX'O wen* Liofavomble to the rlcw that the radiation of the 
tiiiior eoronn Is pnsdijcwl tmilnly hy the liicnntlefirenee nf nihUur hi’^afi^ to high 
tcmiwmturcfl by rpasoa of Ua proximity to ihe ann, Ttie lKj]oiai'trie ohserm- 
tloiis Ht Flint Ii?land were designed to test the luferantH'S nbove referred to and 
to incnbnire more definitely the qrtatitlty and Etunniy of the eoronnl nidlallorEn 
Appomiu *^—A eonenve mirror of fW i-entlnieten? dlnmeter and imTy lOO eentU 
luoter# foeuB, luouattil eqniitorlnlly anil drlron by a dock, aerced to produce a 
rery Intense Imafie of the corona. A amii]] fiuldlni^ teletici>;je was attnebed to the 
nilrfOT frnme so that the ohscrier ailKht (tolnt toward nry deplrtd In 

the foOtiit of the mirror wari plaetHl the bohniietet'+ A glnsa plate S tnlEllnietc^ 
thfccli wiifl fixed doBo to the boloaider, bciween It ami the mirror, so that the 
radiation exainlaetl was thereby limited t» wave-lengthB than nlKiut 3a- 
About It> centlmelem in frf»nt of the tMitHHider wns a bhickeaed nidiil shatter, 
wbldi eiit tiff thu tiwini except when ilealimedly opened. The o|Knlng of thla 
shntterr therefore* exposed the central luirt of the bolometer to such niy¥= ns 
ore tratLfljnlRJKlhle by glass, Hdwn^a the shatter and the glnus plate, nnd doi^e 
to the latier, wan a etiedal sereeo comtwmcd of a tJiln stratniu of nsphnltum 
varnish laid oa oue side of a plane parallel glass plate 3 milllniidera thick. 
This aerrvn wna held out of the hctitn by n sr^rljig* excet^t when designedly inter- 
Its proijorty, when apcth was to cat off nearly all the visible ifcjirt nf 
the rndlntion, while tranarnmibi^ nmrly fill of Uie Infra-red rays transnnSissIbli; 
hy ghiwFi^ By InterfiOBini: this absurtdng ocroeti tlie proportion of ihc obwrved 
rodEntloh which Iny In the Infrn-riMi Kjicctrtnn could lie roughly determlne^t 
Tlie ecpuitorini wns set up nt I 'llbt r^hind on the bt^ich nt itbunt Vl inders 
dhitnnce from the enlvnnoractef used for drstm log thu Indications of the 
eter* Two galvanometers were provhh?d, exactly nllko la resistance nnd g-itierxiit 
dmstructloti, and nrrahp^d so that |f at the last moment uiiiy accident uliOLild 
haiJtvD to one the observer might imm at emce to the in her/ A thntc.ht>ii but^ 
sliailcd hy roilni trees, sheltered the jcnlvauometers and their alipllaaees^ and 
WHS foumi to give moat satisfactory protiMztlon bedh from heat find rala+ During 
the ccl!|J^? A rise of temperature of one tK>loincter strip of about O'*^000,01 C. 
wonhl have prcaliiml 1 tnlllimeter dehectiau of the jnilvanolader* It 1 b iiospible 
to ddjDct tcmfietalnre chai3^?fi of d*dX>(»,iiCi0,0l C. with the bolometer* umU-r 
sfHvlnl condltlutue but ibe filialtiveuei^s L-mployii^l weta Ni-garilL'd ns good fur a 
teiujserary ladallatlctii. 


«ThJa pnident aienmirc wds suggi^ed liy Mrs^ Abbot. 
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AN^rTTAlj REPOBT S^^1TlIS03f lAK lI«B*rtnrTmK, l«W, 

—Tln^ of totiiHtj whb imcummunt^ radtlnp nn Hils 

Dccfl^lon. EhrJj in the tnarotni; the waa oTereast with Ulla Itteli but 

these sTudoflllj^ ETew thlnriett so that after 0 a. the pronjKjctw Indleuted ti 
streflty aonietbliiE alipost too thick for hiiae, hut almo^ lou 

thill for clrms eloiiilJL These prospects were foMlIea crncElj during lotflHty, 
but Lq the auuJ'trr nn hour uejt piremWn(? n thick cloud cnjuc min fell 
fflKl from 11 h. S hLi to 11 h. 14 iil» BaJ the beenme clear of lliO lotr cloud 
only Sftceji seconds hf-fore tutiillty ut the ^initlisoiilaii iftniloq^ The tnphl 
chnuEe from fnlr prospects to comjiletcly dfseaumglng ont^ ntul the return to 
ffood conditions Just nt the critical time, will tong bn reiticmbcred. Onr entire 
Immunity from min durlnu lotalTty wna due to the fact thnt our stntlon wns 
about 1AIG4) feet north of the me occu|iJud by the Lick t>bKervntory. 

The Intensity and qnnUly of simllght ms determlnca within twenty-flvo niln- 
ntcFi of totnllfy> l>otb before and nfEor, and ilurloR totality tncfisuremente were 
mmie nt five different regions of the cornna and on tlie dark mwn* A ucncml 
snmmaiy' ot the n'Miillft of iliewc cud other ohservatlons follotvBj 

/ttlcntlly f>/ raff$ (ohscp*crd fhrfjttifh tfluxtr). 

©aupoe, 

Scru nenr s^Ulb Flint Tfthttnl--^ _______ 

Kky 30^ friam snn, Flint iHlansl-- _^______ 

iiky far frum sun+ Flint IshiniL- _. ,,, _ ____ 

Sky ftvcniEe+ Flint 1 islands_ _____ 

6ky nroragep Blount WIIbou, Cnl^ _________ 

Moon at ulghb Flint TsIbdiI--^ —___ __ __ _ 

Moon dorinu ccHpw» Flint Jjsland —_________ 

COR>urt ttidlua from siin^^-— ___ 

Ckimnn i radhia from sun—-- --- 

Corona f mdlns from snn. __—_______ 

/‘roporflon fif Tfiff/f which nspAnffum 


Intmilty for iialt 
■LFlJ^ul^r AlTA. 

lb, n(K^ non 

I4d 

ai 

d2 

IS 

isn^ 

d 

IS 

4 

0 


flnttFCA* 

Pc&cimiEnmUq], 

(WrlAiiudV 

L 

II, 

San i|V riidtEUi Imra limb....... 

. 3 S? 

Q.m 

«u 

.& 

.38 

Cditrti* jV i^UUi Imm limb,^4*,m..,4*1, ______ 

Cdroiui 1 nwSin* Itmn llrab.. 

MWi *1 tilialil..... 





*TliJj otiKTratlcin !■ cnlttJf>d lo Only half tbo W^l^ht of Ihv othcri% 


OiMcmtion of the mifitj; 

TTlit-ti wo rocfiR tho CTitwrao tsTl^tn««s ot tbe *hy within a singio arsm* nf 
thi* ifnn. ttfl comiiarnl wltli thnl 3fl* iiwsy, anil i<on«ld?r nlun the ttgtires just 
Klveii, It AcetRsi Tery iinlllMflf that the coftma will ever bi> oti^crreil wlthoet nn 

ecIJpsc. 

The until PC of tlic nullntton of the I nner ctwohh hue tiecn snrJlKiwO tiy wimo 
to he prlni’limltr reflecEetl wTar mdlntltm, hy otlicnt to be princl]ul]^ duo to 
the ineniidimiice of pnrtlelcfi bi>iit«l hj rensem of thoir proximity to the buiu 
by othern to t»e prlncljmlly JiimlnMecni-o herhniis slmtJitr to the RDroro« nnd by 

some ns a cumblimtioa of nil of kinils of rtLiLllnllon+ 

■ Tile ic|K-etruo) of the corimo In nmlnly wutlimnns, but him some iheoDspIciioDR 
brinbt linos, nutl lu lin ouior t^pt htm diirh eolnr lines, rudoiibiedly there is 
snolle^ht rcaocled by tbo ainttcr of the eorema, and no li!»p surely the eorotia 
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Qiujrt be hot. As for tlu‘ *>t ]umln(rjw.-^m;u l^v cloeirlcnl iHS5chfliritP+ Ilis^i]i;li 
tlw siEn-nniLTB of the corottn ittv it ri^njinilc^r of Uii? auroni, mt- m nsv 

nmiui^iiLl an oiplannllfni hivnivliaii it liking; s» lltik oiniureftiXK], so llnM wi! tvlll 
li^n? E^^eult otiJjf of dio Inonndp^'vtsoi* ami roflcelicm of iho torona tiE sonr^'ifs of 
Its brIjilitiLeiMi. Tbo holomctrtc miulta Liidfccato thut the nkroiml radLatKon dif¬ 
fers but little bi qnoirtj from tUnt of (Uc mut, ntid iw, Jti fact, far tScUlt llmu the 
todijcted rays of the moon tu vial bio ll^hb ultbmiKli loss rSeb tlmn !<kyMi;ht, 

Thoso rusnltfT Jndtsmto tlmt If prcwJiK’i'ti hy virtuo of hl^h temiiornliifo, tbo 
eoronnl mdlntlon nivisL Iwivo t‘ome from n Ktmn*r! ulmrwt as but na the sun, vvhioh 
hn unwnrd of tfc,rK)0“ pliAoliiie+ Such teoifK'mturCT ns this are toci Ll^ for tlio 
pylslDhoo tif uuy feTiown sidEiiit or IkjuULs onleiis tin dor blpb (irofwsiirea not fuumi 
In ibo tjoruuii. »i tJml if Ibo ll^bt Is due lo tho hioli toni|tfiniftiiT£ of the eoronA 
Itself, the Ci^Torto luiist nii|irtTOtitly be i^asDODS. But If It Is piseous, IW kIKjC- 
trum shuolil oonslst eh led y of hrlFilit llnofi^ and tills Is not the fnct. Hem'e It 
would seem tbnt tho crin^uEil rmTlnllcm* IHt ia jiriMlaeoa by tenitkerntlire, hns llu 
Fwmrce In the mn lliwlft and Is nn^rvly reilecUHl by ibe mutter of tbo eoroDfix 
like the light of our utiuoEphere. But If the corouul rttys are rofleciijd, iht'j 
wottld be bluer tlihll autillttbt+ Jf tbe ninterlat there Is pi^us^ and ns they are 
net* the eoroiml mnte-rlal inuy lie iffu|?]:i«m=d ka* Imi ami|Ki?ief1 of hciUd or Ihiiilil 
fKurtleles to n eouFldemhhf eiliMit. lint It Is objected tluit only the outer eDromi 
ohowa the elMrncterlstte dark lines of the Eolnr Hucelruin, nud that tbi?«i* ntv 
phsent In the l^lon of the eormin now l^eln^ oonflEdered. May it not he thnt 
the tcTniKrruture of the Inner c<?rcma Is ^ high that gases are present thi^re 
alon^r with the solid ond llEiutd imrlleleB^ so that the brlghtdlne wpectmni of 
these rmsea may ho present and be sniienHiKod ofjon die reflected eolnr spe^^ 
tniia? In Ibis case the bright mys nf tneondeseenee would fall esacily upon 
the dart linos of tbe solar fqswiruw and tticul to oblltcnite diem. At twUnta In 
the corona mure rctiinte fn>ni the mm the would ctol to Jlitutd dropB^ or 

mUH pnrtkieft. or hiMKune eKCL‘fe:lvely to re. m Ului tlio hrlghldltm spectrum of 
lueanclesceDt pa« would fade nway, leaving the dfirh lineo of tla^ rt^fltsrU'd solor 
Kihet-trum predomlbUUU 

This line of o^vplauaHon seenis to me to arcofil with tlie facta oh!#orved, hut 
I give It merely as u flUpg^'sHou. 

4. uGtTiT wineow unsfitn AiiioifS, 

Gn?iit ndTflUtage bnvlng been found In lOdo find IGOft in nuiklug “ i&olnt-cou* 
staiit" investlgntlotts oh Mount WLIsou ns well ns lu VVnsblngton, and snToog 
evUU'iive ImvJng tteen stcctirwl I him? i>f the cauMldonihle variability of tlu? wun, 
it wna concluded to eoutluue In HXl.S the estiedUbm to Moimt NVIlseu In onler 
to !weute as many olkservadons of llie " tolnr I'oiiataut us iiosslhle for tta? study 
of solar chniigeSr As In former ycara, other kinds of moasunDTuents were cou- 
templated, notably on tlic brlghiiiesii uf the sky and cm the rtrflecdoii of tho 
eJuuds. Thu exj^edltlon, lu cluirge of the writer, Ond Including th\m Mr. L. JL 
Aldrleh^ of ?ilndlson, Wls^ reached Mount Wilson ou May Il+ t^ulur- 

eonstfint^* otisten-atlous a-ere begun ou Mny lb and have been made ever slticc 
ihilly when the sky permlUiHl, t'nforiuiiately tho skj^ lias bwn Iukh clear ou 
Atouiit WEtBoiL than in other yenn?, but ueverthelews u KtNit nundjef of ohserni- 
ttobs hove been mode^ 

The appurnttis employed far o|>sen-]ng tbe eclipse on Flint lalnnd has been 
erected on Mount Wilton on tho tnwef bill It for the l^uiltbsoiiliLu cx[Kdltlou lu 
10013^ and with this apianittis turmio of the obssirTiiitldEJS of the brlgbtui^ss of the 
uky have already-I h*pu Hindu. It In cjcpcetud lo contluue these miwistiremonts 
ami others on the reilucthig power of tho cloudB duriEig the stay vf the espe- 
dttlen. 
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A^irUAI, HEFOST SMITHSONIAN INSTJTUTION^ 


A new au^ (mpm\ed copy of Uio wlJinilBrd wntfir-Ilow pjrrbe^l&meter 

woH eoiiMnwtftl tn Wasblnsion by tba flbsormtory lu^trummil: mAker, A* 
Kramer, and (s bdag SnetaUed «i Unml Wil!ft>n, 

Tbe fTHinent ol*iH?rv«Uon of the “ solar eouatant dorlog a period of yeata at 
Icoat equal to ibe lam-atiot cycle wna larded by tbe late director, Hr. iJiagley, 
an a r^^tch of gurai Isiportoiice. Haviog proted by the exiiedttlotua of tHOS 
and lOOS that the varfatlot) of iolnr tadjatton lu highly probable, aad also that 
nameroiis daya «qliab1e for ‘'eobirH::tirtBtaiit*’ obBcrvutlooB wore fomid la the 
moattiFi froia May to November od Mount WUsoa, It 1b now proposed to erect 
qn a Rtnall, welblAslated plat of uroaad leaiied from the Carnegie Inatitutlaa a 
flretitoof observtag Bholter to be occupied by SoiKIbsoalan obaervero «ioh 
year during the moatba loeatlaaetL This liaprovoment of equipment tJiore la 
Blade neceeoary by tlm an^gblly appearaacu aud rapid deterlomtloa of tbe 
wooden aUedfi now oceapled by the Sialth^aEnn eipodlUoa and also by 
tbc rapid development of electrical aM other lo^llatlon by the Garoeirfo solar 
observatory too near the preaeat location for the long eontlDuoace of jjood worlL 
It la strongly hoped that the way may beecnDe clear for the ccmilnaance of 
** flolar^constojit obeerratlona in tbe nmotho from NDvombar to May either by 
the Snilthsoi^^laa or other obHervorf^ at a station equally os favorable far those 
mootba m Moant Wilson hi Bummer^ 

Be^^'tfnlly lubuiltted. 

CL G* Abbot, Dinxt&r, 

Mr, CwAii^ D+ Waijcott, 

Bccrtl^nf of the SmftAsanlan JnAtitttUcn, 




hetport ox tite t^ibhary. 


Sia: T lijivp the haiiOr fc presont tin? fcalloirLng rtTHrrl on tlio o[)erfillucti of ill* 
minify of tiieSnilttiswTiIfin Instlirutton f^r thp j-ear^mlTriK Juno-'Wp 
Tiio ikc^eussloii iKHJk of llie Smltlieonhiii dL‘|KiJrIi, Ijlliniry of CoiiRte^^ 
timt there linve Jicen reconSod 1,741 voliinipp, ]St,f>ni pniiB of vohiirie^, ^,14T 
nnii]|ib1olB, nu4l SOT eharin, mnlclnff si totill of 24,T7T piitdlmtlotifL. The hccojf- 
fllon nuRiliem rim from 4^,^ IT to 4^2^ Of those pnbllmtlotis a few 
for ibG a£!lDiitme work of the loBlItutlon bni'o heon LtcM, whilo the Ian7t!!3r titJtiib*r 
haft lioen fiats t to tlie Ubnsry of Cotigrasa, 
in tliefia iiuhltcailcuw to tho T4hiraiy of Conffresa 10J Iwxes h*TO 

iMJcn tipedt aaiJ It Ji aHtImtPd that tlwy roatnJfieU the etjalirelent of tt.r(00 Tol- 
The net nut nu tuber of |siihyasitlotip ivlilc-h Inehnlofi ricirts of pertod- 
tcnlm tMimplileti^ smt volutnw* wns 25JS4, Tht•^^e counts do not Include 
pabHc docutneatB prtsefltecl to the SipHlifionlfln (nEtltutlQa* srat direct to the 
lihttiry of Coutrre^ soon an recolveiV trllhout slnfupLn;; or recondlnj^, or 
nablle document a and other ^Efta to the l^lhrary uf rccclrE?d throlli^h 

the Intemettonal exchnnso aervleo, or publlcatiouB roiiiicEted to complete 
Jn the f^inlthaoalnii deposit at the Idbnirs' ef Congreaa^ which have lictsi trane- 
mlttiHl Bcpontlelf, 

The m'ordsr of the llbiUTlea of the 01^+ Aslrephyttcnl nhiemitorTf and tho 
Xatlonul Xooioglcol Purk show ihnt there twi\'e tKJcn rectdi^cd SS5> volumes and 
pnmphletB, 2^42S pnrta of volniocs and charts, mnking a totnl of H.SIT and a 
grand total, luclndlng the publlcatlnuj) for the KmlthBoohiD depcpflLL of 1^^004^ 
Tho parts of aorlal publJcittlonB that were iisrereil on tbo card oatalofino 
niiiuhoml 32:,4&4^ anil 1.310 slipfi for compietlOjg vpltttnt-s were made, toi^othcr 
with 4S0 card# for iicit (icriodtcnle ami anneula which were ailded to the por^ 
am neat record front the iserlodh'iit mntillng tlifik. 

luatt^orel illftfterlallonji and iKtidcadc pahtlentionH %ViCTe trccH-c*! freni ttolvor- 
Hides fit the following piaoca: 


Uaflct 

Itf^rlln 

Bern 

Bnisn 

Dortnt 

Krianjien 

■Giessen 


Hehleiherg 

tfelalngfora 

Jenn 

KOnlat^rg 

Ldolpilg 

Louvnlu 

Phlladclphln 


Itoiuoek 

^StniPifihUT^ 

Tuiilonw 

L'treeht 

Zurich 


The fcehntcal high schoola nt BcrlEu, DnrmBtfidtp t>rcsdeh, and KarlafTthe 
hare also aent pmhtlcfltlolj* uf the aauie chanicton 

)u contlBtitng tho pShrt to effect new oxchniigen nnd to flocuro missing parts 
ta cotnlsleto seta* 2,1(11 IcttorB were wrlUeUt reflulllug In iilsont TjtXl now periodh.-ula 
being added to I lie llBla am) the receipt of ahotit l^nTib |¥irla lacking In the seta 
were Eccured, which partially inf?d up or entirely cnmplided the varlnoB aorlcfs 
of puhlleatloDB lu the ^Tnlthsoninn deposIL In wrItInK for the lulsfiidg jiafia 
«£ pubncaClouB aoeded to complete tbeae EotBy the libniry Itaa hutl aHslataace 
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AJSKUAL BKPOIIT rAM IMBTfrUTlaM, im 


froni tLe IntiyjiQtlonjil exdmueo sM^n'lcc of tlio Ins^tlSiitlon.. The roptlos tn 
Xh^* rcquMts sin? now coming In. but [t Is too onrJj' to (titnte tlellnltel^ t(^e 
of aMcct35^ atUllnikl ati n refluli*of cITortw* In ntlElUlEiili. the Ctnstl- 

tiuloti bJisL tlirod};li tlw^ tuftllum of tlic IntcrQiitloriaE excbnnKC p^enrEce, rarnt 
oot ror|no«Es for j^votUMipm OocuinantB and sctIiiI j^ubllmUonis ncvdcd tn i^om- 
hIdU' tlic Eicts In tlio TJlinirj- nf ConerTss^ find wifb tills onil Jn tIcw lottcrs hnve 
|}Wii wrILtun lo ihv Provlnco of Biiono^c Aln?i^ CoFtn REcii, Grtw.s 

linnlnnniln, noiulumif. Ncwfcmndland, Mlcnruinia^ Jfl|tnn, ilo^ln, and Satirndor^ 

In tho rmdh^Ef mom tliero wore Is^m^l bound vii1itijii?s of pcrlndTesUfl nnd 
imna of Koli^tlhc inerlodlLtils and iKJpnlnr cangaKlncSv umkiD^ n tota] of 
^^^ 7 , The vsirtuun btiroaus of Ibo troveniint-nt liuvo i^KutlfiiiL-^l to iibo (Eu-Pt^ 
tmUl Ion thins and Ibuse In iho wtloimL tlbmrh'rt of tJie Inslllutloii. lu Iho mnln 
howevor^ tbn eonjniltatloiis Iiut.^ bwm hy nionitiorg of tbe ataiJT. 

The? mull rwelpts nntuheml tiaokoftn^ Tlic titihilimtlnns contnlnoil 

tlmnt'ln wore Fitan]|)ii1 nnil dlittrlbuteij for oii(ry fmui Uiv timll denlt. 

anjknowlOdKtoosaift worn- made on tim rci^iilnr forii^ whloli 1 m In nddilLcm 
to iboBo for pnbllCfltloiiB riM^lved lu msponso to the roquu^ats nf the lustlltitlnu 
for eichanBC. 

The foIHiwIiik chiin^ert wom mnde In the rfnillne of tim lihmiTt cotnincncliij; 
with the lirtrt of iJic eAlcniliir year^ lu accordaDce with the aecmtiii^^a Ini^tmc- 
tloiM: 

The nf LpLterR warn ehiinged from the nlplmbotLrn] arruhkbtiient tn the 

flUiij? by iiumljor with Ji fard-eatnlopne index. TIii! recording of the ptirvlmse 
of IvXibFi on fthl^eti wus dlHcoutlniied and the curd rocon,! uiily wUm rctnluoth 
The record of cJCebJsuiie pnbllcn Ilona with twhsellem lioictbfon? kept in the 
office of the correfitwirulouoc pud doeutneniA of the mum^ntn wms trunsferretl Ui 
the Bmlthmailjia llbnir>v ami a bnok containing the ilobEt and ereiUt iLceount 

btu! lieen eomtiieue^il^ 

Tht rmpU*ptjcM* Ifhmrtf*—The booka aildoil to the llbmry wore and of 
thet® l.'J weri' purclaii^c'd and 3JvV were pre^tteil by MIsjk Lucy II. Baird, of 
Ihllhileipbla, [hi. In this Lolleetlon wore a large numtier of the older standanl 
iiritelH, ttigethor with hound voinntes of pOrEodlealo^ oiieli a a the Centurj^ 
llariKT's, Atlantic ^lonthly, ele*» itome of ihe sets being finite eoniiikne. The 
aumtM?r of Ixoks Iwmowetl was and I he nendlng of a seldrtcii n u mber of 

iHiokff from ihln JSbmry l® the Mntlonnl SfiodJoglcaJ r^rk and the Bureau of 
American Ethnulony' wlcti month hna heen ennilmied. TbE» Hhnirr bus boeri 
fortiiimte for a Tiuujber of yeti re In luiving the voluniecr kenlecs of Mtsiii; 
Margaret €t rtyer^ wbleb were n-iideretl In rtn InteUIgmit and fnlthfnl [miiiiier^ 
hui ypoii her reslnuatlon, which twh effeet oa Juiiu l, tlw? cure of the twks 
was trniisfciTtHl to if las ETnle V, IL Bnldwlnp who volunteered her m^rvlcesi. 

Thi: rtrf ivwMP.—The work of cntcilogulng the ttdk^irtEons of mirrueSugw In 
the nri niom has lievn eontlimed, hut the gn^SiT ji^rt of Lhe tltno was rkwoti’d 
le s^otrtirittUig tlio various eoISwtions oud ehut^itig fhem mi avaUfthle ummt- 
raiidtiiii Lists. 

Lii addition to the recokir work Ed the mirary The assistant lITimrlnti, Mr. 
Tanl Ilreeki^tt, has reconstmett'd the menkimiidoxu I bit of the collect ton of 
imcravlngH and works of url which w'em imruhascd by the SmUhi^iilnii Insli- 
tutloii 111 IPdO from Mr. George Perkins Mnreb. Vl*lmtercr L'aiiiloi;no may 
have tKftTi made of this eol lection at I he time of the pnrehaso wiu^ dcsrtroywl 
Id ihe fii*'* of mm. The list ns neotistntelcd glvibi the full title nf almost 
an Iho hooks aad Indicates the nunLlaw of eiigruvhiga tiait iklvmhi be in tlie 
co]Ieet]ois+ lu addEtIon to the rei^ustruetion of this llstv Brockett hna 
been vngiiet^d In inrepnrlng a bihllogrephy of aerouaiiUcal Utcrnltire which Is 
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m TnL?infclp The Uiflesltig ot In rt iid ureipei-dtnipf sif seTTmuutiinl 

tegetLi^r with uioM and pmuJlildel-i ou the Hub^eeE. The 

Work ijf liiileTclng la DcarInE; cOlul^k■sl^lny 

Thr Amrrti^n HhitoriiSii IfliH —The exeiuiDge of the niinittl rejinrls of 

ibe Amcl-knn IIlKtoTiwil Assorlailon fwith the Dllotmcnt mwin tor Hint 

jMiiTNHie waa ctwitlnnctlp with, the r^mii tlml a large oomlMir ot ^lUhhc^tEons ef 
hlEitoricJil isirlethia tbrongheut the wmrld )n\vo her'ii recei ved. 

The wwitf'Utft rrP^rflrr/.—The Nidlonul library baa centinited tn 

receEve freni tTtif. Otia T. and Up. V- U White many glftn nf NclenMfU; 

piiblleathTUFt w hich are nf KTt*ni \T%lae iu the mntieuai library tn eemplettng R*>bi 
and tllUiiK In the Hertea of nutbers' aewt^dea. VVilUam fk^haijs has mtih-il 
materia Ily lo the lK>eks tn tbo aectlennl Uhniry of The dlvtstna of Inseeta, whkh 
RTVt necde^l tn the work qh bla c.'oheetleaa of hiaccta jir^eiiltil to the moBeiini. 
Dr- Rhnrli« \\\ |(k-hmmiil has [treHonteil anolher liiMtalliueat of books and 
[lauiphletEi, one of the coDecOnna Iti this gift being the ThanEierg ai^Qfa?ttn|leEiSv 
ivhtdi are for the intiat (mri raire ami dllUcuIt to obtiiLu. lie \» iimkliig efforts 
to bring regieitier a eompE^^to set^ 

The llhmty was anfortniiate In leslDg by realifliatSon ihe i^imhle and vahicsl 
wrvicca of Murgawt O. Dyer, who tiad In-^n ass^lsrant in the 

library for a naniTier of years- 

The library of the nni^aim hiia benoGted hy the plan ailnptod by the Inlema- 
tlnnal Cntulogoe nf Scdmtlfte JaUemttire of scoilInK m antlmra tEsta of their 
rtfriPliTlife wrSlItigfl Unit have Iwa etiTered in ihe catalomie nnd rmjxiejwlnj: any 
tied have net cEtctl. ns the larger miuilK'r of rt^^maefl r^^eelvihl are In the 
form of seiiamtt^ from |>erlf«lli.-a!fcs journals, et£u which are no bingpr itivilrwl 
fer the E^[oUhj»iiilaii de[k(.iiilt, 

[n Ihe iiitjrtfHim JIhniry ihoro ape now volumes, unl»cinnd Iflipcrs, 

and ibS ntfliiuscrhds. The nddltlons during tlH? year eoTtslRtcd of iNKihs, 

4.47f> itfimphTets, mid 1^41 of vetnnies. There were catnlogneil Iwoks. 

of wliEeh bid<mgi-d Tii ihe ^^taltleJOiilan llbnir>% ^.LlTiT ixm]|iTete vnlnnunr i:>f 
IMTirKlIeals, and 4,tTjd pjimphlels, of which "M bekniged to The Sodthsonlan 
library« 

Attehttcin h^lR lK>en given to the nn'-panitlmi of vnlmu+'a for liIndingH with the 
result that l.rrfhj betik-S wen.^ sent to the govenimeiit hlndery* 

Tbe niiiutHT of lK>oks> iierloillealfi, and i^mphleta iKsmovt**! from the penepal 
library amounted to :^lX>rid, liicliulhig lOdtld, ivlil-ch were BFsIgiieil to Ibi* fitxi- 
liEimtl llhmrIeH, Tht^ net tiielndo, however, the Targe iininber ef SMwjkn 
CfauailUHl tn The llbmry bid noi wltlalmwti. 

TlieaeeLleitnl lihrarlea ^tnbUsheil in th*^ hiusotua hfti-e reimUneil the same, tbe 
complete ll»t now staudEng nv- folkiws: 


AdmlatstratloTi. 

Adml h I.Hl m t h'e Asslatn nt^ 
Anthroijology. 

Biology. 

lllrdfl- 

Bciljiiiy, 

t'eminralh^o Analomy, 
Etlller+ 

EthiiohiRy, 

Flsht's. 


tleology, 

ttlsiorj. 

Iniit'ctiic 

Mammal 

Marine InverteTimtea. 
MaterEa MeEllc^i. 
^k40£u|e foE^lltf. 
^iliietahigyv 
Molluptis. 

Orlenlnl Arciieolt^py, 


Palenlmtiuiy. 

ParaKltes. 

F|iotn|,-raphy. 
rbyskiil Aiiihrepolegy, 
Frehlatople AncrhtMLnIogjv 
nerdllew. 

I nvertebni te I -a Irtiiitology- 

Su|jerlnt4Ti<lii'Uti 

Tasklermy. 

Techiiolagy, 
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AKKUAId REPORT SimiflSOSUK ISSTITOTIOH, 1009, 


Tte follorrfnx tnWe *niimimrtw.Ht all tl»c nceewlona duHuj; tlic year waiit (or 
[lu> Btirmi] of ^Vuvrltun Elluiolo$^^ wlildli !b ndiuLulstiif a] : 

Siaftbl^DlAii Hi tltc hlbrary of ConffroBS— - - — ^KTTT 

fijfktv ABtroplijjiical Ob^imtorf, Ndtbntil S^kij^tcul f^Tk, Intemit' 

tlomil Eicliimip»™--- 3,21* 

fTfUtod Stiitc* Nml<kiiitl UhmTy—^„-„ --- T,tl74 

TOtJiJ —- ---- -- -- ^jm 

BoApccrtfiilJj' subuiLtlod. 

Ctwjs 

.^jrtfjrranl SSccrcfaru, in t?harpc w/ Librarj^ and Exeka affirm 
Dr- CiiA»43s IX Walcott, 

S^Ttdar^, BmittiMonian tmUtuiiotL. 





ViL 


rtEFOKT OX THK IXTEIlXATl OX At CATAIAJGUE OP ^CIEXTIFIC 

UVTEMATVmi 

Sir; 1 bare tbn Iei itMbiuli Oiu fullDwLiig ri^i»art aa tho operntlDiiB df tbo 

VniicA StntQfl BiirvuEi of tbp tuteriWltloniil Ontalogiio of Sck-utme UtLifatcirt! for 
llM? flBcnl yoar gdiJEd^ Judo SO, lOOS. 

Tlic^ org^iiiEfttloii bQown Jia tlio '^iTitcroatlckiLfil C4ltu]c»pip of ^Icnttic LltpriL- 
ttirp ^ Inti? by ineMttft qf ibe 0 Kt|iGniiJcHi of mil of tbo prlocliJRl cOontrlost of the 
wdrlil boon onbllBhlQj: slntro li)Ol, ta tmtiiial voltim^ n uEiiaaiflu?! 

Irnipjc CftlRloi^ip of tbo current adoaUic lltoratoro of tlm world. Kiipli ooTantry 
coll<^tR 4 JtLilGxoaf Riiil clfiaaldGs the Bclcnttdc lUcraluTe ptiblkbed witbln Its bor¬ 
ders and fnrnlifU^ tu tbe cetttral UufHaa In toudou tlao dioIigfIel] tlitiB pre[«ired 
for piibl lentl oii Lu I he annual volufues. 

Tltp coht of iirepunitEou la iHiroe by tbo toDoirtofi tnLLng part In tho work. In 
the ^i^t majority of cnuctf the Rtiiipfirt bt'iofi derltctl tkr[mj;b direct ipaverti- 
mental jp^nts, Tlw on tiro cost of prlntlitf; imrl pnbtbMihtug Is iMuni e by llin Hub- 
Bcribcrs to tbe cntnlo^oo. Tlte burcatt for tlfc contrlbutoa yearly 

nbout 11 per cobt of Hip eiiLircr work. 

Tlie niNdmitJii for tbe priinont bncal year mnde lyy Congress for ihlir 
waft |2i,ij00« tbe mme na fur prcvlotia yKire^ Pite {n^tmnn are regulafly oiei- 
ployed In Lbo profinratloii of the clnsslUcd hidcji to American sclentlbc 11 tern tore- 

Uurln^ the yoar tboro were 2S,K2S referc^jcea lo Anierlcnii Sclentlbc Utern- 
lure ctPJupTeted nud funvurded to tbo central biireuu In t^ondun ns follows; 


IJtenitiire ef ilXtl --- — —-- ^ 

Uterature of isXt 2 _ . _ ------- r? 2 :j 

Literature of -— - —— ^ — -.—— - Jbid 

Llterati3re of ISKH^,,- -, -- ———_— - -- ^ ^ -- Wfitt 

Literature of IftOlt. ..——--- - - -- fk,0u5) 

Literature of lOOd _______ i ... . . TJ 217 

y tern tore- of ltX>T_^_ —-----— -- — tM'Jii 




Twenty-one volnmi^fl of tlie cntalogue were nwtved niul deltvcreil to eubiicrlb- 
era In tblit ci^untry« ns follows: 

F^sb Anniud lesne—^ileeUunlea, Pbyslcs^ Chemistry, Jdetiforologj', Mineralogy^ 
fleneral Biology, Botany, Zoolog'y, Arnttoinyp AnthropoEu^'i t.-byaloloey, and Bnc- 
tcrlology^ cotnpletlug tbe li%ue. 

S 5 t 3 tib Antiiiid Iimm.—Matbemntlcit* Mwlmnlciv Astronqinyp Meteorojo^n Miner- 
!)ibj«;j\ Ceotogy, Csuk^mpby, Kfwplogyt Atwtlomy^ 

All neetlona of the chi lined world are represented Iti tbti enterprise^ ns shown 
by the foltowltiu list of the iiegtoiial biirenns now etstabliidiod and regninriy fitf- 
iilidilug to the London central bureau classIDed cltatlotm of selentlllc papem 
pnbllHhrHl within their docmalna: Austria, Beleium, CntiadaT Ctiba, Denmark, 
Plnlntuh Fmuce. tierraauyp Ortwe, EloHand, BnuRnry, ItidSa and Ceytum 
ttalyT Jnimn, Mexittt, Xew £knitb WaleOt Xew Zcalanch Xorway, Polnnd (AUif- 
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7« ANJfUAU BKPURT SJUTirfiONWN INSTITUTION, 1W«. 

trinu, tind lYussSoii), QlimisilniiOp Rnsala, South AMm* 

RcitiU) ^^witorlnlid, the Tnited «Stnt€« of Am^^rS«i+ 

Vlcioria, mid Wm^m Auuimlln. 

^Jueli Inteh:^^5l Ittis nttnebi'd to ibc eoDSKilidatIcia of Ike famous zoolof^k-dl 
j-esrlKKilc kDnwm m llw “ SEooloirTtiiiJ Record^ wltb tke ssooloj^j' reiumo of tUe 
Intemntloiuil (.'atnJi^drti^ of Seietit^nie Literature. Hj 4m ujcri'^'uieot veixh tki? 
ZiHiltvIcnl Iwandoii n tiliiti wilb e<injiuniumtei1 wlien-lky tbe Inter¬ 
na Llonn I Ctilfilegue tn com pile tkroujdL Us refilotial |iure$m^ the tndps 

lu the ^vorUril seortlo^ttfad lifeffinm-- the Zoolf^ienl RoiiEely uf Tendon under- 
tiLklii»: on \U imrl to and edit the material: ihm fiiriimiiedp tlie atafT of 

KiH'cliilists previously intmHUsl whli the preimnailoti of tlie 3>s.i!io^eal ItiNroril 
belns rehtltted ns odllors. TIio Intomtitlonnl Oitalocuo of ^lontllk^ Utemtnre 
osauaicU ull reirtioualbillrUi« coiinectiiU with die puhHeatlon jvml juile ef llio 
eoinbli].iMJ! vuliiinets. 

If tUe nmalKit null Ion of Interests alsne refomtt to meet* wUli contlnneil sne^ 
eesa it to be inime^ly liojwnl ihai the iiumunatH, otUcr litde|ien4L^t setentlfli: 
hlMloi^nitdik^ nod ytiirlMxaks iniiy moduli My IsH'onio slntllnrly ussochtted wUli 
die InteiTiEtMoEinl CnlaliSfnEe, fi^r merest wunte of eater^iie^f tnul muiiey reanllt In 
tbo production of KfinJIitr pnbllctidons eovortui^ Ideiitlojil OcldSp 
SJnt^^ die flret volmuea were jiubMsbed die bulk of tlie ctdnb^io lias been 
Incrensln^ each year. Tlie lltth annual Issui- prlnleiJ 

w'blch is 2,U0U tsiKC# Inrnvr tbnn the foiirtk Isnut^^ At pre4h.^tif the aetuat 
exjienses of I he London eentrnl bnronu fur mltihi^ and prEntlnit alone so nearly 
rmeU tlie^total reixd tJts dcrlvotl fttnii sutau-rhnton.^ tiuit St lam been fun ml 
ueLiMcnry' to limit tbe work strU^tly to Jtjs orl^hnilly dellEieij scope and atm to 
kt! Jiiorf tare/ul In ihv use of cross refuriaiei>s hi jjreiKirlnt: tbo atihjii^t eatalu^^u^ 
In iinler not to limit the nsefulnt^ of tbo liide^« tminiensiidim lain to be uibi^l 
enrofnily done, und lunre time Is ruinlreil In enn^ful E<kdoetIcai nnd 
elnKslttL-Eitiiai tliiiii would be the If etHnioniy of prititf^i simci^ w"ei:e not so 
IuiE«arallrL% 

IIow-eiiT, dilji oxlmimo cany In ciaHSlifkMitEofi Is bL-notklRl to both the pnb- 
llsliers ntid I be liters of the eatalopie, for It in^eessltaies in tbe tlnsj^tner a 
inoffi ilnimoRh i.rEiiiqi nf the KiibJecE of ijn|n-r in onlnr limt n nrKX-ifli- phuMf 
In tbe siibjcet L-ntalo^nw* may tie nssIjmeiL rli;;kMy o^Eelndln;;,' all um^isi^nidul ^ir 
^^enil erow n'fcretiees, tbu*s while nrintetl w\misi la ecum>iiiixod, die useta of 
tbe work nre wired nIE niineeesiwiry Inhor In locking np jjenera] referenees 
not directly irentlni; Etie ^tclal subject hi wlilcli they nre ctin^-^Tin^L 

in tbe sundry' civil bill npproveil May 27, lUOis, wnw ntipfopriated to 

ciirry no the work for the dsctil year laidinK June 
flcaiiecirTiEly wnbrnltTed. 

, , ^ Crnus Adisiu 

Astiilani fa rhittge of Lihrarjf and Krehanijen, 

Dr^ CnAHiAfl Up tViLcwr* 

£fr€J-fi4jrif ffl/ the innHtvtioi^ 


AiTtLKTPiS VIII, 


I>X THK VI BIJOATrONS. 

Sia: I Mtc the lionor to nubTiilf tl]<5 ffvIlMwiiiff rppcurt tui I lie [^iibHeatKciiift of 
tljo SniUbaoDlnii: Inmltutlmi niul ItH bniuclsfe^ diTrlPf; llw flFfcnl Juuo 

ao, lOQS: 

Th^re bwii dlatrEbnt^tl H totiil nT voInnkOs iind sei^'inili'^i In tlie 

I5*«(rk^ af ^ l^'EnlllnHinlnr CTfflitrlbiillffliB to Knnvu k^lKtx'" In Ibfc? a^rloit oi 

“ ^Qiltluviaiiiti ^llFk'^lbirie^inii ColSwUimw," lu tliu terlwl of **Hipltbfl<mJjip 

ADniuil Roporlsv^ anil 4,11,'^ri In the Beries of ^ Special fnjbJIcjitioiiJt.^ In uilill- 
tlou lliorijto there ^rere pnbllciitlnufl not ludiii:1ecl lu the Smltlieonlun Rcrlo^ 
tiuit were sent out by the lufftltutlniiH mnklui^ a ^ind totnl of Inertiuiw 

nf 17A>T-l over the prevlauB yenr^f nntJ the Inr^t number dlatrlbulLHi during tiK? 
last Jive yetirs with ttie exceiJtlon nf tbt^ yenr libO??, 

1. Hurr[THO?riAU envrmiTumD^ra to kt^owuedge* 

111 the s(t1c^ of SndtiiBrKntnn rontrlbniiona to K;tiow'liMlge+ throe luenioira, 
ivlilob w^ro In pri’ss at the olt^Kc of the Inst flpotil year, Imve boon nubilnthecl. 

ia>L". tlJaciora of tbo f'onadiuu htk-kk^ um\ Seltitrkn. lieiMirl of iho J^iiiltl> 
fttiotnn ExirfMlItEoQ of Uy Wi]lbiin mtleli Shen^oFi Vh, T>, Quarto* 

I'ufP.'s sJb IKi, u'Jlh -12 platk^p fart of Vuluino XXXIV* 

Jti f bSM inemuEr Dnc!:or Sberxer the IbdEcatM pliypTOfrrflphle ebanitos 

In the rofflen during I he Moaoxolo innl I^lelwtofluie |»ertcK!s; the fj nest I on of 
lim'IpIlntSoii of Kjciw nnd mlis* timl the ofTort of ellmatie eycles on glurluL 
uioi-L>iiiiFiiiA; I he fitnietune of the Iw as to simUi^itlon, HlitHirhtg, blue IwmnK 
tee dykt^ glnelnl j^mnules, ami tbe pcssibEe niethiwla of Iheir dtHO''l;uiisiR‘[it; tbe 
tli™rb*s of glnelnl mntUm as aprdlo;! to tin's* ginelers; nnd the cause of the 
riehnoijs und vnrJety of coloring <»f j^laelent nnd gbielnl lakes. 

tTlS, The Voting iiE the OrnyllBhes Aalnons iknil Cnnibdirnn^ By CL A. Audrews. 
QnnrtOp T!>. TrlUt in plates. iTirt of Vnlyuie XXXW 

Ill this njeuifoir there Is deacribeil and lllustniletl the yoting of two kinds of 
cmydsheiK one from tiregcin and ime from Jlarylaml, tvprt'sentlng the two uiest 
diverse ferjus In Xoiih America. The flrst^^ secouil, and tliErd Inri'al stages nre 
determined, and there is de^rlbod the bllherto unknown nature of micees-sh'e 
UH^chnnlual attnehmetilM of the olfsprlug to the parent, 

ITJ^ The AtHHloua HoloiburinUsL A ^lonograph of the liyunpttdte nnd IIO' 
lopndUdm, luchniliig a report on the rt-tirei^f^iTatlvOfl of the®> ftttullics la the 
collections of the t-niteil States Xatlonnl Mm*UiUr By Hubert LymaD Clark, 
ifiinrto. Pages with 13 plates. Parr of Volume XXXT. 

This meiuoir give* u flumnniry uf priwnt knowleilgo of the tiro families of 
cueundjom, which lack mho fis^t. 

There wns In pti>™ at the chw tif the year, to meet the Increaalntt dE'tnaml for 
the work, a rojirlnt iif Mr. Jjingiey s uiemolr on ' The Internal Work at the 
Wind” ofigittnlly publlsheil In isjKji in ijuarin form as .Xn, ^mlibNiOnhiii 
Contrihutlous to Ktluwlmlge. To the preseut i*ditlou w'as added na an apiwiulLi 
a iranslatloti of tin? t^hitlnn of n S|jeoEnl Case of the (hmemi IToblein.'' by 
l:f^ie tie ftmarture. wbleli apiH-nrol In with Lt* 'rravjUl Inti^rteur du 

Vcot” In Ui!i-(ie de rAf'itPimutlque Thf^irhjue et ApidhpiC!', i^ngi's 


so itEPOnr SMitiisoyiAy is-stitutiox^ 1008^. 

EL SVITITfiaNlAlC U1S47EIXASI»I:H OQT r rC TIQ^S^ 

In s^rlQSi of Kniitl^Litonifiii ^URCt^llan^K^u^ Toltioiefh L imi! UT^k 

tbetp vt^^tQ iki^bllrtbi.^ 3^ In tile QuiirterS^ Issoe, V-niymo IV, {tarXn % ^ 

4iBii J* nnd VolutnL* |iart 1. TLom w«mw tii 11 m‘ rtgiiljir aorUti 

vt tile Siultl3£ou Lull ^riseelliiueDus Cu1loctlC!llf^ S |^|kerm VdIoulcs 

XLIX, LI, auil LIIL 
lu tl]o Quurterlj- Issiie 

1724, Tlio Air JSjira of ihvt PKj^a. Bj Bmno FiiLlii^liod JuDuary Ifl^ 

1JM>8^ Outava l^ai^os 34 Kjk^HI tVolUmo IV, part a)^ with Phi tee XLV-XLIX 
IlodgldiLs fund. 

II^Th. t^iltlwnlEin J^ltfcellnueonN PolIecllonK. Qiiitttetiy Iasdo. Volume i\\ 
pnrt 2 teontnlnlps Noa, aT2^5~lT3fJ). Octavo, 133-2^, wllii I’laii^ 

XV-XXIL 

lT2di > (]t€35 on a £^mari Collectlcii] of Muni mule f^foiii the Provtnee of Kdii-S^u, 
Ctilikn. By ainiTUtf Wnrd Lyon, Jr. FabMElicd Julj 0, HM>T- Octnvo. Fjigcy 
133-13S, wllii Plntea XV-XVL 

1T27+ I>e^rit>tloTitf of New SifcecleE of Sbclls, ChSolty IHjccIoWep, from the 
Dredt^kus;^? of the ^ clurlo^^ Ibud to the ^"orlhw'eEterD Piii:]|k% 

Ohliotak^ imd Ely WLIIInui Ht-iiloy IhilL rtihnsilieiill July 

\K ItW. Ocliivo, t^aees 

liiJiv A Niw Lnirh froni Alu^fea, By W, F. W!ghL PuldtAlied July ll\ JtK>7, 
Octnvo- Pn^ro 114, vrXth Pinto XVH. 

lT2b. The Luiupauekor; liB JtehitloiuiMp nml Hnb!ts« By Theodore GIIL 
PuhliKhed Jnty 1^, lGOr» Dutiivo. Put^'es 175-104+ 

1730. Xou' PluutH of the PiicLde SEope^ wlLli KevltlouK, By ClinrltA 

V, Ptper, PuhllEboii August 23, llM.17, Octavo, 11X5-202, 

1T314 ContrlhutiQn-B to the ^tudy of the Oiuyoo Dlnblo Afeteortteeti By 
George P, iterrm and Win Tii^^fslni, Psihllnhcd ^^ptcnihcT 12* 1007, Ot^tavo, 
Pni^a £<)3-2l5 with PEniea XVni-XXI, 
lTtt2, Lou la a\kii^ 1A4 By CUnrii# I wli tile Wnlcctl, Puhlmhed 4S4J3>tLi3itK?r 12, 
lim, CMavp. PagM 2lh-2lSv. With PlaTe XXIL 
1733. Tem^fltrittl liMtiodii of thu Fatally Ftd^elldic, rroiiected In Ulwrla by Dr, 
O. F. Cooh, By Harriet Kk-luirkltfoti. PulillEheil ember 12, 1b07, Oetava 
PagL-s 21B-24T. 

ITM- The ItclcitlonM of the Cliluefte to ibc? PhlllpflD*^ Tstutuls- By Berthold 
ijiafeL Ibiblmhed fiepteuiljer J3^ Octavo, Piiges 24^2?H. 

ins. Ntdew tLi Quarterly iBSkie. Voliinie IV+ jiort 2L Oetnro, Pagea 2^95-287+ 
1772^ Stnltl^Knlflu AHacclIatieoua t?ollenioa«, Quurierly lesiie. \\i3ume IV, 
part 3 (t-ontxiliitng Noi<+ 1773-177EI, nud 1724L Octavo^ Page» 23St-llS, with 
PhilRi XXEIJ-XUX 

1773, tocnvritlmiE at CaMi Gramle. Arlfoua, lu ISKiJ-T^ By J, tVnlter F^^wkcik 
Fubllihi?d Octotri^r 2.% imi- Octara, Pa^ 28SL020. with Plutcf! XXlll^Xl^ 

1774, Xopniea gi^iteiiifi leiifllB^ n X-ew Oactm^ from Ouutenuila., By J- X* Uo«e, 
PuL>llEhc\l October 29, 1907. OcUvow Pitge 330* wUli Phitts XLt-XlJ|, 

1775, PcfcsktopHlSj a Xew GonuB of CaelacMC, By N, L, Britton niid J, K, 
Bow- Pul»]lahi.4 0«otK>r 28, BM>T» Octhvo, I'ajfoa ^31^334, with p]ate» 
XLHt-XLlV, 

ITTiX Ttvo Xcw Fcma of the aeniia IJnilHca, By Luclcn lU Fna^-rwood and 
Win lam If, AIusoii* Publiabt'd Oeii>lK*r 1007. Octuvow l^gi?? aaS-^clM, 

1777. Five Xew' EliFci-nl Crlnotda freiu the Xorth PactOt Ocvnu, By Anstlu 
i!oT>Hrt Clark. Buldl^hed Ocloher 2l>, BKtT- Oetnvo, P&Res 337-342, 

3 77?'. Xow Genota of Hecent Freo t'linolds- By Austin Hohurt Clark, Pnb- 
lisfliwt OclutKr 251, Oetavo, Pugea 34.%^ 
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J77U, Notes to Omirtei’Jy VoIhido IV. pnrt a. ChiiitOp PiifCiiSi 43&-4Hk 

lim, Si:iiStliisuiiliLn STljloelEn>i*?iHift CutJeeLknis; Ounrtefly Imtio. Voluuio JV* 
[wrt t icoulaliiliig Niw. ITSl-nS^). Ciuluvci- PopL'a ^JLi-oTxS ^vhlj Pljilea 

L-JJ^XV, 

1751. New ciniJ f^liftmeterlMlo Species of Fossil ilollnsts from tbe Olt-bentini? 
Tertlnry ronuatSotirt of Snntii ItuiiKanl Cottlirx* CflHfonila. By IEnlp]i ,^nioliL 

DecDiisbcr 11)07. OctiiviJ. 4ia-^S, vt\th IN ales L-LVI) j* 

1752. On the OccWrreoc*! of RemnlnS of Fo^ll Otl^d^ans of tbo Genus Si^lil- 

SficHloIpUls In the roltetl anti on Prljicodellililst i1) cmssiansnlnm Case, 

lly Fmlcrlck W, True. PijliJlsliis] January LT, lUOS. Oelnro, Fag™ 

with FUiEtia LIX-LXi. 

Th|i Alotiwr Crater of Canyon ItEfthlo* AriEoua; 4ti» illstofy. Origin, aiul 
AHsoeSattKi ^loteorlc Iraua, Ry George P. Jlorrin. FiibUshetl Jitiiuary ;i7, IttOS, 
Cternvo. Faj^es 401-4113^ vfJtli rintea LXi-LXNV. 

17&1. Notes Dii Oohtth?^! aagulata Lea, it Fn»*h-wator Blvnlve, with Oe^H.^rltitlon 
of a New Variety. Hy WlUUllH H, Dull, January 2S, 1000. Octavo. 

400-vit^Ox 

A New £^iioeles of CuvolUm. with Notes on Otlier Fleiro|xs3Bp By 7\^ih 
Jtnia tC r>iillp PubliHlieJ January 20^ ^008. Octavo. Pni^ea 
ITRil, A iTeUajInary TrefiTutwlt ef the Opuntloldece of Nortli Ataeriesi. By 
N. Bflitoii nitd J. X. Boee. Fublifibotl February 30. lOOS. OiJtJLVO, Pnet's* 
G0J-&30. 

ITiiT^ ObiflervtitlonH im the Mopsitilttwji ef SEtsbaicheTJV'aa. By Fn^erlck Kiuib^ 
FiiUllsInsI February atV WS, Lktavo. W0454i* 

ITSi^ Notes to Quiirterly Issme^ Volume IV* pnrt 4. OcfrtvA+ J^rtg'es 4 % 4 B-briO. 
ITS^, ScuJthfioniaii illflei'lluoeone Collectlonp {iinarterly iKStiei Vultmie IV)+ 
Volume I 4 . (Xiaru. Pages Uvill* with Pliiti'ai t-l.XXV* 

17ti2. >Srnll:hi 44 itil(in Slbsi'eBnlieOUS CollectiooH^ Quarterly Issue. Volnmc V, 
part 1 ttrbnfulnsng Nosu lTLl3-lf^2K Otlavo, I'ngefl l-US, w Itb Plates I-VIIL 
1703, Tlie Cretaeoons Flsiies of Ceiirft* By iMt IiS Hinrr Jonbtn nuil 

Jobn Clipper Untuner. FubllBbeU April SBf JtHi0k CKitavcx Pni^es l-^K w|ib 
Plati'S I-VIIL 

l7tH+ OtwservatSon of the Total Bolnr EelBise of Janunry 3^ 1DO0: A Bolo- 
nietTlc t^ttKly of the Solar Coromi* By C. (h Abbott PublLabed April SO* BS^iS, 
tKitnvo. 31^0. 

1T0I5. RfiKift MU ft ^l^rlp for the rurpoei^ of StniTytrut the !^tosi|iinc^ Fnuhil of 
Pitnamn. By Aiiirust Bnsek. I^ubllslied Muy iSKtS* CSftnvo. Fiii^efl 4tl-7S* 
lifts. Carl I*ndTi-|g lEsimbiger* By George P. ^Eerrllli PubBsheiil May 1+ 1W0* 
Ortovo. Pages Ttt-SS. 

1TB7» EJward Tnivur® Oox^ By George P. Merrill. Puldlsbeil May 1, 
Oetftvo^ Pages ^^3~0J. 

An Apparently Nctv ProtiiblatiTcl FftniHy from the Lenver Cretfte<snift, 
By Kveljni Groe«)beeek Mitchell. inibllBbed May 27, IDOtiv Oclnvo. 

ITStfth Neee*ary Changes In the Nonjcnclature of StarftsAie& By Walter 
FlsbiT- PnldlsbeLl May 27, 3900. Oclava Pagen 87-!'l4* 

ISOO^ Iiletitlty of a Buppoi»U WhlteftBli, Corwin ns angitstlceps Cnrler ami 
Vniendenne^ with a Northern CyiirlnlO, PliiEyBohio grncUls (Bleliardwin)« By 
\V1 ]IIqdi CiiJiVem! KemlaJL I'nhllsbiNl: May 2T, IftOS. Uebivo. Pages 95-100. 
1301- The Millers-tbiiaib iinil Us Habits. By TheoUuro GUU PuhliHbod Jnne 
1900 . Octuvii* Pftgert lOl-lBb 

Notca to Quarterly tsaue* Yolnme Y, part 1. GcUtvo, l%gtin UT-llS. 


S3 SMlTIlaONlA^E ISSTITL'TlONj lUCW. 

Thc?m wvrt^ ubuiii to ^ to pvvi^ In iLy QimrturSjf ii^uc nt thu clo#ie nf tlio 
flHCnl ^mr: Indict eik of PtTU* by Cburlt?* €% Elwrlirtrilt: ntnl tlic Co]- 

ImlOEi of InvortiLfbnate Fosalls, by It. Imsslor* 

111 Uit? a^rlL'^f of f^EuitlisoulDU tlio foUowltij^ 

hnvu haiu. [lubiiabodl 

ITJTi Hejwrt on tbfi Oruwcii?oa (BmcUjufn iincl Anoniom) Colli[!«;:lt.Hl Uy the? 
Nor 111 Puclflc KbcpI'jrini; IbSS-ISTi^}. By WIN tutu l^tlnal^n. (JC'tJiTo. 

24U, witti l-XXVJ, Prcrt of Volumo XLIX. 

TliSfl work, wLltili woa in nrtas at tlio clow? of iha HsCail yoitr 1007, wm ttlllud 
by Hlfcts -Mory J. ItnUibijn. Its soofto anU ibo for tlc3uy 1 l Its Oiabl tent Ion 

werw tEit^fePnesH?!! In tliry roisort for Inst yrnr, 

ITiD, i^rtiniiol Fkrjmnt Ijiui;k'y* BiKTQiitry of tlio ^milbE^inlJin Institution, 
MoiuorlJil inf^tlii^ Duxi&iiibor H>0tL Addrosa^^ by Ibictor 
ProfthBsor I^Jclcerlug, und Mr. Cimmito. Oi^^tiivOi Pcippfl 4b. Part of Volunio 
XLIX. 

1741. Sinim^nlftR itiftcotlaneouM ColloctlooR. Yolmiso XLIX (oontoLuin^ Xos* 
IffSI, ITI*, ItSO, null (Cover, tltlc-paa^^o, EiilveiilKi^liacnt, iind tub]? 

uf i>ontenth) OcLnvo, v. 

ITbJ. Thv Ueveloiiintiiit of tbo Anierli'nn Alll^lor. fSy Albort IL Iteese. 
Oetnvo, V^^g^ UU, wllb VHtHm I-XXIIL Pnrt of Volutnt? LL 

1803. Tbo Tb-itonumy of tlie .MnundiU'nii Files, tncloUEn]? I‘hpfierlLtP»tis! of New 
Couyra tinil Sjtecleh Hy Cliaflen IL T. Tciwaiscnd. OetavcL l3s. Port 

uf Volutuu LI. 

iSCM. OiiiibriEiti Geolo^^ and PsieotitoSoi.'y. No. 1, NofneneTtituro of Sfinio 
l/aiikbrlaii rordEJlvmii Fomuitloua. By ClmrJes D- WaleotL Oetayo, Pnyos 
t-12. p.-irt of Vuluuku L31L 

tratikbrUin (jeoloiQr ami PnleontPloj^y. Nn. 2. Cninbrluti Trlloblii^ Hy 
dmtlea lx WiilijotL OctiiVD, Puri'S 3?Mk"A wItL pUtian l-tt. Part of V’eliin^i^ 

J-ltJ. 

1807* ^lultlmotilun bl^EplomtlMii In AUislin In llKlT In of I'lkdfttniceDe 

PoKftl Vmi?brbie*. By t.'barles W. falJimkre. OetnviL Pag(f« -iSy wttli Pin tea 
I-XtlL i^art of VoJutue LL 

At tbe elo«o tit tbe Utioil year there ware \n uress Ln llie rc|siiljir tif 

HuiUloirknlan MlHi.H-Hntii.^ku.H ColEivtluna lln* fcillowln^ j>apei% wbleb continue the 
Htudlee of Clambrlpin (Jcoluj^' nnil I^nliKnitolo^y by Cbnrleti D. Wnlcoll:: No* 3, 
annbrUiit BnicliiOtioda : IX^'rlptlona of Svw tjrueni oml fljieclEHa; No, 4, Cti^ssh 
llcntloai mid Termlnobi^y of the Qunbrlon HrnchliJiAiaii: and No. J5, CQiubrian 
IteetEkkii}^ of tJie CordEllemii Atihl ikHt^orfl ^vlll form shuih i>f Vo]nine 

LllI of tbe ^imltliscinliLn ^tEPi-ellnnemiilK CulJecLlum which It in p^'otKiacd to 
devote entirely to these studies. 

^nicre was u\m In ['rces the SmBtuwnlan Ainlbeniallcnl TnbTra: l^yI^c^holU: 
Funelkknii, by Georipi? F. Becker nnd C. E. Van Orelmnd. 

im Burmiut\'i\n as j ?cal hi-po^^ 

The nnnnal retort for IJMUfl wtxb In type tkl the eloip of the last AmiU yenr, but 
atiik] prliitlJijT, binding, nml ilebvery were not completed mtU (^ettiluT. 

rbe Bccretar^ ji rei^rt for LWfT, fomilni; a fmn of Uic anniinl re|wrt of tlie 
Bonr^l of Itigetitft lo ronj-Tim wns prlnUil a a tminil In r^at^kpblet furni In Nie 
veiiiljcr. nm, for the nsc of the IkoanL nod u biTOT edition wau nfterwakla 
lirinted for imbHe illscrlbnllon, as In]lows: 

mi, HciEort of the ikemtary of the 5?i«lthBaiihiii IniftltuUon for tho your 
onilltkit June 30, 1(K>7. Otrlavci, tHh 

Tike PJll report for 1307 was tn type at the e]ow of the tlsenl year, ihongh 
only portly iingecL The ijenoral Appendix coatflltkB iiio fohowlnp [iai[h 3 ffl! 
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Tlw Stetitii Tarbinc! on Lone] and Sen* By Cluirlcs FnritoiiM, 

Tin> DeTolnpmwit of MccJuiiileal Compoiiitloii In Pdiitliii;. By A. Turimln., 
Soiiio Fjtelfl and Problenui tloathks^ oti ElocLrho Trunk LKim O|7aniltoii. By 
Fmbk J. 

ll-eewt ('ontribulfcinfl to EJwMrIc Wave liy X A- Ftaiiiltitf, 

f.)u tins PiXkjwrtlt^ nnsi Natnrea of VrtrloLiR KIvetria lUsiUiitlouit By W. £[, 
Brace. 

VruffTiiss I El ElecircKMi?(n lliirsj% By J. B. C. Ker«1in w. 

Adifniie«fl 111 03\qt Pilot oytapliy. By T. VV- ajmiBle, 

Thf* Strticliiro of LIpiiitintin'E ItHlIuebrouii*^ By S. R. TaJaL 
Bfun^ III Soiitli AuiLTlai Ix^foro Ihn Arriral of tlio Eiiro|ic^ua^ By A. do 
Mortnkd. 

Soma Opportnnltlefl for Aj^tTonoiiilcnt Work with [ncspensfvo Appnrnloi^ By 
(ipi»r^ E. Half!. 

Tliv rroj^fOftfi of Scjoncc n% hy Ihs? Dovolopmont: of 

By CIoYolnnd AWk?. 

GooIo^t of the inner Knrtli ^ fenoons Ores. By J* W. GB*eory. 

'rhe Salton By F. ll- ^ewelL 

Inland Wntam'^y^ By Goorec; Cld^ihahu. 

The Briesorst Poithlnu of PjiIoozuIc BoEaoy, By J>* IL Swtt* 

The SSoolocfctll tianSens und Esrnbli^hmentis of (Beat lirltnlOp Belelum, and 
the Xethcrinnd«. By Oitarflve LaJael. 

ByateciHtk' Zcrtloisyj l‘n!5ST<«B nnd PnrjitJSP. By TLeodoro GllL 
The Geactiloirfeal IHjitorS^ of ibo Alarliio Xlnnminl^ By O- AbeL 
The People of tlio AtiHlEtorraiionii. By XhoulNita Fl»clMfr, 

^Vnclont Japan. By K. Biielts, 

The Orlela uf KirTPtlJ^o arjltnatim By EdoEiurd Xai Ule. 

I'Uo Fire l^fftoii. By Henry Bulfotir. 

The OrSj^ln of die C^nuanlto Alpbaliet, By Fmna PnetoflttA 
Tliri?o Aranittle PnpyrI frtnu Eleplinadin?^ By l^diinnl Batrliaii. 

Tllo Pnytil^rni of Color Viinon. By J. rhiue. 

ImitimiLly In Tubenuilo?E^ By Sliiion Floxiier^ 

Tbo Air of tbe 4 ^'aw York Subway. By deorse A. Soper^ 

^farcelio Bottbchit^ By Cnoillle MHtletini:i. 

Unna^ou IdemorlEil AililrL*#^. By Iklwanl I*. drwcTte, 

ir» RPECIAL etlBLlCATIONS. 

AJ$ n npwinl imhllcalioii there waii iM^sned for dSalrlhtiilon to carr€^E«indeiit* 

dio falhovlLLn^ : 

l«da ClnssFincd ITfft of Smltlwannipiii PuJiUmiltniM A vii Untile for liiAtrlbtJtlon, 
ituy. IDOcS, Oelnvo. Paces 4(X 

There wiia atHo piiiiKal for Keberat dlKirlbutloii, without u gerliil nniniH-r, a 
iloodeeiino iiampblet of ti [riij^ca entltted “Thi? laternafluiiHl Oitatncne ^if 
enliftt* IJterntiin.% fteclotuil Ittinim for the Unlteil Stiileft." Tlil» [^mphtut 
the jiurfMis<\ hrielly de^rlLkia the work, nuiS suniniiirliEea the ri.^i[ti^ of the 
IritonMcraiml fTitalai^Lte, 

A vliullar paintihU-c wsnit to press at tbo elese of the ll!*cal yen ft *'Bii|i'* fur 
the Abhrerhitluu of Ttllea of i^lentine PerloclIcatH in Bubneattous of the SmLtle 
Bouinn iDHtltullnn and Ita hraiiehes,^ 

T, FunLiCAriOjfB or the esn-m states z^atidnal irufsixru. 

The pnbUcAtlnns of the Katli>ttn1 Sfnseuni are: (a) The nntitml re|iortt farm¬ 
ing a sepamto Tolome of the ttejiort to Concreofi by the Bn&td of Eecerda of 
the Smlthooniaa Imflliotlon; (5) The Proceeding of iba UnEtiil ^tutea National 
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MuHnun; icy Tin- or tiJE? rultiifl State# NnUiittnl Miifteuro; and {4} 

the CoDtrlbotlaQB tvtim tlie United Ktnttw NiUEodeiI UerhcirKlltiU 

The iiuUMenlJniLN durlDi; tlie are eHonii-riLtk^l In the R 4 >i>ort on 

the Nattanoi L^Iuaeum. TlnsSi- lu^^lndeil the AnEinal: Itepott of the SdilLbBcmKan 
iDBtitotlon for thi-^ ymr uudloK Jimo 30^ jmrt 2, Natloiml ^tiinouin. jjbIh 
RB hed no serin I nnoihi-r ITSJO In the SinIthEKMUEEa Volnine XX XIII of 

Xhii rrocectllngw; BulletliiK m, ntid SI. utilI n tepTlnt of lIutlrMii 3«; VaU 
mue X. imrls S, Op und 7. ana Volume XIF, [minn 1, % iind nf iljo CoutrSbti- 
tlons ftruD the United Stntea XnfLooal tlerharhitti. Liiirluaiuif a i-dLthm 

of Volume Xri, part 2. At tho cloAt- of the fiscal ^renr Volume XXXTV of the 
PnwKilla4?-H and BuTletln S2 wofo In eoui^^ nf preiidiration. 

Yt FutiLiexTiD.Ya nr the EwrR^u of aukshcaw Ernjrawm, 

The TTTiFnfy-flflh Aniiual RciKErt of tbe BiTmrin of American KtlmOLogr wn^ 
iBrtULd in St>hteiiilH>r^ ami Uallctln# 33, ^ nnd tn Nrivtimticr. Fotinmr^, nnul 

JuDOp rcfiiwctlvoljr with the twiimI A 3j>ccinl publk-ntlon iA*aa 

In JxLUQ nndcr the tllJe Indltin At the c]o«i‘ of the jenr there were 

Jn cour^ of nrciJuratlonp iH^iacs the twcnij^ nEilh nimiml report^^ PulletItkK 
rtiysfcilOBJeni and Medical Obscn-ntlonH AmcmR the Indian p of South went em 
Uisllcd State# nnd Xorthem :^Texlco iTlrdllciciO ; 3S* Unwritten ruteratiire 
of Hnwnll (EmersonI : 3D. Tlinyrlt TestK nm! Myths (S^Fnnton) ; and 40, Ihuid- 
twh ot Amerlilviii [ntllftn iJlnKnnjtos, Pali. I (Roita). 

iTR FtmucATioars of the aMiriifinsfAi^ AErritorirTaiOAt onajaiVATflRY* 

Yolume 11 of tho Anna In of the Antrophynlcal tlbBorvnlDryT hj- C. fi* Ahhot 
and F. E. Fowle, Jr., wa# piihlinheil In ipinrio form (pai^os xh 241^ vritli 
phiteB). (SnilthsonLan serial Xn. 173^) 

The prefnee of the roTnmo KlMten: 

”Thc? AntrophysEoal Oh^.Tvalory of tho Stnlth(M>nlnn Inatlttitinili wnn founded 
ihrouKh the elTorta of the lute Secretary who wan Mst Ellreeior until 

hts death. Tlie rewnreb described In the iirei!«c:-nl volume In a contlnnalioti 
of the worfc on the relutlonB of the kiih to eUtnillo nnd life upon the onrtln of 
which ho wns ii Nil limit ploueer [nvostlj^tnr^ 

^‘Mr. Lcingrtey espressotl the horio that careful study of the nidlatlnn of tho 
mn might cventnnlly lend to the dUR-merj" of of forccasiliij- climatic 

eutkdltlong for wme time In ndvnnec. ll Ja Imlleccd thnt tho pri'sent volume 
will aid materially to show huw far that brppe umy he JnsUHc^l. for || cont 4 itiiti 
ean'-ful and eomtmrnblo mcasureiueota of the »y]nr rndlatloii, extending over 
st-vera1 ycara. These [ndlento thnt the Mutd# radiation nltorH [ii iti Intciadty 
fniui time to titne^ and That lliew nltenitknm nro sumdtmt to affect the tcniikem 
luro of the earth very utmrwlnbly." 

A (diort note on the ReSectlng power r^f clouds" to aecomfimiy Volttmo f| of 
the jinnals was In pross at the close of tho ycnr» 

vim fet:roirT or rmr auehtcan liTFToiroAt. AJUf^KrtAxiox. 

Volnnic tl of Ihp nnnnnl report of tho Aracrtcftti niBtorlail Afifloctnitoo for 
tlje joar IIWO* «Kiil»r:«lns n Comitlcto of th* t'lihllcrUiaiia of Arafir- 

l«in wx-iutlsM* fur iijoro tiuin a oonhitj-. wft# isinu<d lu Fi'hninrr, Tbc 

Miiiiinl iT^iort ft>ir ilMHl hnil enno to (tresia at the elcwn of Mio flsail ypiir. 

IX. EEmitT OF TtIK ElAtTnEITflBa OF TFlE JLUEKErA!V BETOttJTlOX, 

The Tenth Report of the Natlonnl Soeletj' of the DanjfJiten of tho Amorlwn 
Revolution wn# raslvcd froni the MKletf flafl sahmitted to Oonsreen In ncconj* 
imeo with Inw on March ^ 
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COMMITTEIE OJT Fai?fTlKfl. 

The e^Uitor \ma pterr-ed &a set r^tary the StuRb«iinlnu adrlBorj- mmiulttoc^ 
on i^riuUni; tiiiU Tt? thi» eoninilttee linii^ beeo referred the Buum' 

iffTlrtn pn>]>0!ied tor pnhIEeatlon bj tbe vnrloiis branebea ot tbi? liiirtltutEonp And 
a Ifo tboee affercd for prlDtln^ In the rtunriorly at the s^nitthriMnSaD Mlsu^h 
Iniieoufr Collect Ions. The eeimulilee hua llkeiA?l*e uiKili blank ronns fer 

iLTirmit nm In the InsUttitlou and Its bmaehetii The ennimBtee canflfdereil niid 
reportt'tl to the en various qui«t|oiis relittinfi In to print lu^? 

ui]d [niblEtntlori^ Tw'eEit^-sli meetings were htdd durlnt; the year anil J3T 
jiA^ierji were t^iairlal on. 

The eopitplttee fomieiatod the fpLIo^Ini* rules for nhbrpvlntlfin of tlileii : 
nntxEA FOB Tin: ahiibkitiatjo?! or titi.cs or 6CiF.?9Ttrtc eEJhinniCjixs in nrsucA^ 

TIONa or THE BUITIIKONIAN tNSTITITTtON ANU ItB ItBANtDeS. 


U la nlibre via ting wonla In titles stop liefore the ft-cnnd voTreli nnlesti the re- 
toiltlTiR nhbeeviatloii iroiild contain but one coiisnnant. In orhSch euBe stop hefore 
tbe tlilffl vowel. 

ISj'amptrx^ 

Abbandlnni; _ _ — _______ _— . _AbiL 

Aruderoj _____ ___ - _ __AeiuL 


Erplarmtionfi osrI 

x4. Tlio foTInwIng words Imre Irregnlnr abbrevlnttous ta ttvok\ canfuirion wUh 
other words Imrlug tho saime begtiitilun. I)ut different termEuntteti^ or for other 
renifons: 


AnftljtlcaU^^-,—-- 

Architecture (ar-al)„„__, 
Astrophr^lca (ur 

BShlloiwupb^ (or ___ 

CoHoKe. (Nat abhrevtated*) 

Co! ninbteui-^_ ^ __- - • ^ ^ ^ - 

Ethnography (or - --^- 

ExjK^rlmon tal- 

H .« __ 

Hanufaotures (or __ _ 

Morio^mp h - - ------ - 

Phitaflophj (or denlj.— - -— 

l^hrslcilogy (or deal)___ 

Public (or pDblleatlrm)*.-^^_— 

Uopertortuiu_ 

Hepository--- 

Rcleaeo (or Bcteiitldc)__ 

Socla3oj;iy^__ __ 

StntMics (or ^lenl) -. . , 

Tclepboiie (or _ 


Analyt 

xxxxArchStx 

X x X JLstropbys. 
_Bltdlogrx 

Columb. 

,.Bthnoi;r^ 

. - Erper. 

___ Etrsg. 
^xloduet, 

--^Kr 

_Mo. 

-^lonoi,T. 

,^^*hlloa. 

Physiol, 

Pub. 

,-,-llepert* 

__ Repos. 

_^Jol. 

.^.r^tatlsb 

---Telephi 


R+ The following JSbbrevhtttoiis in cointnoi^ nBe+ also the ordinary i^rist-offlee 
ahbrevlatloua for Btntes of the TJalted Elates, art> ollownble^ IL It, (ralb 
road) I d Xh (comptea reudos); k, k. (kaiBerhah uad kOnIgJieh) \ H. ^ 
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(Uolled .StutGfl); N. S, W. (Xew ^mi Wji]€b) ; I41H1I* (IifiDijac>; Pur. 

Purltfl? (BiTllEi) : St. Petiiraib. (St PutmliTiq;) ; Phllii. (PbllildtJlpbLrtifptiic. 

C, C^aiiPuutiil Noni-i^gliin* i^nd SwcflS^li wonl>) umy W 

(tf) bj- addlliif tu tbe llrvt comj^iiivnt the conwruiuit or asliBODiiulM IttitiM^iilnttl^ 
followliifT. or iff) by nlibrovlJitlti^* ocuupoQuut ti^-onlUi}; to rulr 1 iiud 
couQvctluf,^ ihvm by by[dieEiJL 


MauAtMwHcbt .— -- -- or Moa.-Her. 

Xntur^lrlutiHbiibeniEt -- - -- Miturv. nr Xiit-VI<L 

TjiDdhnshTiltQLDg --- -^jiuOli. or LiiiiiI-IJijnIi 


f>. Xitfiimis 04 .xiTrrlc^ In Utlm ^ouM !«? trivtotl Hinn: 


rifttHh__ 

Hftivntlu 

DeiixlA^iiio. 

Vlorliv... 


---- jmh. 

- - 

- 2iiie, 


2: All tirtklc^ rotaJcmctlniiB nti? to beomittrd, t'sceiit ^'und 

and " fotp” u-liliib uDuiy lusi relalneil whf.n nwjssiiiry for cloomesn^ 


^xamplrn^ 

Bolk^itliio dri \lnm dl ZoOloirla i«d Anutonila CooH4iriitn=^Ik}lb SJubl ZWIt. od 
Aunt. Comp. 

PtoaxilliiK!* of thQ Afatdoiny of Nafural S<>lcacf?fl of Fbnnilolpbt^^pnxi* Acad* 

Xflt. licl Pblbi. 

Mf-molrtfi (wtir mrclr ft rnMotro FbyjsliiUi? ot Xatui^llo do la 

HIM, PliyB. pt Not SaIs3L\ 

3. In abbreTlntcd titles, the worda sboald follow ittrlelly Uie ordi^r of the 
full title*. 

Exumfilejt^ 

ProcetHlInK* of thy Blolof^esl l^orlety of WaHMngtott—Prac* Biol. Soc. 

Lnittoa; not Wm$1iln^on Itlul, ^jc. Tnie, 

AunaTea do la Soelt^te l^itoiuotb|fli|ue do Paria n Ana* ^oc. Ent, PorlAt not Parla 
Ann. Soe. EhU 

4. («> Wi»rdf[oroDi>Ky]lal>lD« (i> title* wimtetlng of a «n|!To wort. <^1 name* 
of tuwn* (cxei-pt a* luilltnitoa untlcr rule*), (d) names of iicrtoii* (wlicn oo- 
modlflrt), a ml (c) nunie* of (.wlogleal forum tlnuK. are oot to bo aUI»reriatcd. 

5. ‘Vlr*lKfticv(T nittiKmiT for el<'nniL'*f> noy of tlio furej^lng rqlvw muj' bo tilaro- 
lainlrt, but lu (boll cuaoi! worts sliould not tie nbbrorlatrt. 


XI. rarqui ASarnACTii w nmucATWSB. 


CoutliiiJliig me iKillfjf oabilillHbed la Man-li, 1(107. an cdltortal ussletant bus 
ougaiaHl til pnsisirtuK abistmots of auob piiblk-atloiu of tiie faatEtuttmi 
and Its bniuebcjt a* mult) bo tbt In porubr luiigonei! for tilt use of ucws}NitK»n 
ttuougboiit tbo countrir. Tbca' hit™ also Iwou sent out a niuubor of brlof 
ftocuiiiita of current liivcstlBiUlons am] longer duacrljitlonB of Oie gonoral work 
of the liiBtItRtloo. Including Uiat of the lutemnUnmil Cntnlogtie. the Intcr- 
nntlnmtl tSxrliiuiges. the Astroiili)^icnl Observatory and oibcr bnuicliisi. 

RestKS'tftiliy snbailttml. 


Dr. CliARLCs D. WamiTT, 

flerrefanr o/ fkc fsiithtoalan tiuHtutitnL 


A. HowAkh Curs. £dflor. 









REPORT OF TEIE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF T'HE SMITHSONIAN INSTITUTION 

Fob THE Yeaii ENDCio June 30, ISOa 


To thii foot'd tsf tht Sniitheonian JiatitHtion i 

Your eiwittiveconimittee reapcctfully submits Oifl following report 
in robtiod to the funds, recoipts, nnd dbburseaisnta of tho Institu¬ 
tion, ttnd n atjitomont of tho uppropriatloos by Congroiis for the 
National Museum, tbe InternatioiHd Ejsohunges, ttic Bureau of Amori- 
ctiti Eth noZogy, the National ^Soologieal Pa rk, the A^st rophysieal 
Obseryatorj', the International Catalogue of Seientifio Utemttire, and 
tho ruiu of Casa Grande for tlio year ending Juno 30,1008, together 
with balances of prerious appropriadoos. 


SEimsoMAN iNsrmrnoN. 

Cotuiition. of the fund Jidy f, 1908. 

The permanent fund of tho Institution and the sources from which 
it has been deriyod are os follows: 


iJKPtfctmsu ts Tim Qv rnk it^ited 


r^f iHm ...... 

&c«iJuiLry lcgtu.7 oi ... 

t>i»poeit from savitig«of micoine^ ISflT ..... 

of JAmMi TlAniiltoD^ 1576 ..... fl.OOO.m 

AccomulAtwi lutctwton U«mllton fluid, IS06,„_I’Woo 

BaLiicetof Slmvoii HAbeilp .... 

I>epo8Jtft ftom of pdJe of VKindfi^ . 

Clift of ThotoiwG^ Hodifkiiii!, ___ 

Purtof n(beidi3Ar>' N^py of Tbcimaa Ci. IJotCgklrtB^ vm 

Depoflit from mvin ^of IPOS..,___ 

EesidiiAr>- IpgAcy of ThotnAa Q. Hodgkins... 


fSLMmoO 
SID. 63 
m02D.37 


2.moo 

BOO. 00 
61,500.00 
200 , 000.00 
a. 000.00 

25.000.00 

7.015.60 


TolJll H[DDEIIit.Ot fUDll In tllft TXnil ed Stlltw T rwum -Fy 


pUraia.oa 


CfmWK RB^OtfBCEB. 


And gwraateed bonda of tho Wc&t Stioio EfUlmad Comtiojay. 
jiartoflf^y ofTbomAAG. Hodgkiiu (parralu*)*,.. 

TotAl pennmuont fnnd^......." 


42,000.00 

PSapD]8.S0 


Also four small pieces of real estate bequeathed by Robert Stanton 
Arcry, of Washington, D. C. 


SS202—eu rjos 
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aa APraUAL HEPOBT BMITESOiVUN IBSTITimoW, 

That part of the food deposited in the Treasury of the United States 
tBtercst at 6 per cent per aonum, under the provisions of the act 
of Aufi-ust 10, 1846, orgnnbing the Institution, and nn ant of CanirresB 
approved March IS, 1894. The rate of interest on the West Shore 
^If^d bonds la 4 per cent per annum. The real estate received 
from Robert StanUm Avery h exempt from taxation and yields onlv 
s DonumiJ reTeau^ from rcot^k* 


Siat^ 0 / and s, 1S0T, to /W it>. i«tf. 


BSWtn. 


cash on depodi in the United States Tnanuty Jaly i, ieo7„. 
latcrcfi nn fimd depoMied k the TJai ted States TrtaHury, doo 

July 1, January __ __ 

Interest on West Shore ttaHroad bcnids to lumary 1, ]QQ9 

Beparnicjita rentals, pablications, etc. ... 

Itooeedfl froni dftims In Utlgatiun.._ , SS.V.V.\[ . ” 


C56, 6S3. o£ 
1,080, DO 
<.SH)l.44 
300,00 


*24,60S. 01 


63,37S.00 


Butj ftinl rtjmira.* 

FurcdtiiTeand fixtures. 

Ssfllftriee..,__ 

HEIi ^ A t A 

MwtinsB ___ 

®17,318.8a 

fifatiuntry..* 

248,85 

(md trf^phojM 

Freight.--^*__ 

604,07 
365.60 

Inudeatiila.,,..... 

fitaMe. .. 

--+ __ 

113.18 

72 

3,274,57 

libinrj---.__ 


Puldicatioiui Mid Ihmr dMHbnMon: 

MificeJlmiNoa tsoHoctioaB______ 

CbntribtittDiia ta Irao wledgc 

0,651.46 

Eeportii„^.. ... 

P BlI 

EpecEnl pk]bljGAy;oiis . 

501.1,57 

PtiblicuUoti supplies. 

i75.10 

EWjirioe, "** *' 

37L 85 
fir 552, 70 


ExplomdoDJi nad reseuvhes 


sp^c fond, res««bes sod pa..— - -. 

IntgftiiitaQinil 

ugsierpease*.--*-1”";”!!!;";;;;" “.- ■ 

Appwntiia._____^ ---—* — 

GsJlefy of Art ____ ' ---- 


87,304,07 

$5,467.36 

1,545,64 


23,360.82 

2,361.65 


18^ 108L36 
6,452.26 
2.620.18 
4,142L 49 
2,923.82 
504.95 
806.85 


Hamilton fact] 


68,968.50 

240.00 


Baknce, June 30,1908, deposited with the TreaHurerot the United 


60,1^66 
SUtes. 18,706.41 


97,904.07 
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By authority, your eneovtliFo comnuttce employed Mr. J. B. Batea, 
a cerrided public accouutiiot, to audit the receipts and diaburscnionti} 
of the Smithsonian lusdtutioo during the period covered by thia report. 
HU certificate of csamiiiation supports tlio foregoing stittenieot, aud 
reads as follows: 

H'AaiiJ KOTOW, D.C., Oeiifiif 

Tlie MBCtJTTTE CaMKtTTE^ BOJJKD 0^^ 

IntHtiifiem, Wkthiit^on^ i>, C. 

G^KtLESTEK: I c^rtiJj' ttmt I liavc i^:£mni[t€d jund votU'ht^r^ at theSmith- 

flonian Institution fur the fiscal j^eiy' eniltiw Juuo30, im, und lliid Uae lollowipg cash 
anteinent ta bo 

July Ip im, aniQmaton hud-......... ^24,5^,01 


l^ECEJmL 

Teci^pls fa}! year mdhi^ June ...... 63,372,^ 

......... S7,»ftt.1}7 

DlAlEUHflUILVIB, 

Totiil disbiiwtnaabi forfuar uudbjj June __ 

Jatke 30,190ft, bolanM on bAud------ ja*76a,4l 

Juno 30p IW8p bal&nco M p<>r Uiiltefl .^tiites fiwimr^a atiilctuent mftor 

dednrtitig all outiitjmding checka uxipald^ .. _ 760-41 

Reepoctfully, youf^ 

(SlgDOd) J. E, UATBap 

vIocounfOTir and Aadi^^ 

All moneys received by the Smithfioumn Institutien from interest, 
sales, refunding of moneys temporarily ad^-anced, or otherwise, are 
dopiMiti^ with the Treasurer of the United States to the credit of the 
Institution, and all paymente are made by checks signed hv the 
secretary. 

The vouchers representing payments from the SmithsonUn income 
during the year ending J uno 30,190S, each of which hears the approval 
of the secretary, or, in his absence, of the acting secretary, and a cer¬ 
tificate that the materials and semccs charged were applied to the 
purposes of the Institution, hnvo been examined by tho auditor in 
connection with the books of the Institution and found correct. 

The eipenditurca made by the disbursing agent of the Indtitution 
and audited by the Auditor for the State and other Departments are 
reported in detail to Congress, and will be found in the printed 
documfint. 
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Yolir comjiiittcwi also presents the following smjitimi*_v of appropria¬ 
tions for the fisoul jear 190S, intnicitcd hy to the iHro of the 

Sniithwniau lostitiitioa^ balances of pmviou^ appropriadontf at tlie 
begimimg of the fiftcaS yeoTi and utiionnts uuexjiciidcd on 
l&OS: 


amlthfHiDkxi InitltutlEHi, l^otMKv JoJjr i, 1W,.... 

nmtimijqii, to Jtit» 30, im . 


Do£AtniU«4 bf OdsliTM la oiev of loslJiiiLlin); 

iDEunMtJiQnaJ «xctkU|gedL .. 

IntuftiKlJoitiiJ DSrhaiitt!!^ IWT.-j........ 

Inliinjj-Eii^aJ ticliaiL|[L!i^ .................... 

Aimrtcim ^tbucilggr, _ 

AiH4iric»n £EiaaoiJlcEi[]r, 113tfl.,.^+++, ... 

AlBpflljHB w, IW.......... . . 

jyiSr^^F^ntl dMUTiluryfc 1 SOO^.h.„,^... 

jutri:it>^fi4i3ii otafimiaf?. itm...... 

AHn^pliyKjcal CHiMTTDiloff, IMS 


lAUrtiyiaoluJ C^lfliJqfQ«. ivn . .. 

itnin uf Qub Gpiiidi!; ItW .............. 

flutn «if Cun UEsndcv llHai . .. .. 

SbtLiiimJ UiiWrum: 

FamJluTt! noEl Qxtiuv, IKK 4 .^,,..,^.......... 

FtjruKliitvnltil flKHiira, IMff . . ... 

- FtifiiltnTCiUid n^liiFi^. |!pas 

nemtlhjt 0 jiiJ llffbtlni, JDM. . 

HMtljfcir md liirhui^. iMH ... 

ilwmiiiPti4J4iiiiyii«, im ... 

Pnmmilr^ uf CTjUfrfWDfii^ J9CNI .^... 

PtWTif*.Unn ni t^tjIlotrUmiM, IPOT ... 

I'^cnnilii'jii at t^AcTtlOliMH ISM.... 

Boobk im .. .... 

Uookji. !1M>T_„„. ... 

Oijatp. i{ld§ . .. ... 


Piift4««. JW„... 

Btinilnir lefMln, IKK..^....... 

rrpifiiii 1^..^.^+,,., 

BoiJilJii^ IflOi...... 

i4 WQrt:^i:>fM, IW........ 

Kfflt ct 
Bontal 

rrlbtitsif «jid bliMfluf. IDO 0 , , , . , 
Krnlkmml Iooltv 1 »l Vmik, IW 
KiOJoCinlZculSafkAl JIwIep IWT. 
N4li«¥i^ SdolOiijnJ I%j1c, im. 


AVii4l«l>lp BalADoa 
Jul^l, lUIT. 19»L 


It^iTXKV 

9T,^« 

a,:Qa.7G 

K,000.« 

a.fil 

«ji,pa^.op 

t^KW.K> 

m£H 

I^OQU.® 

.Eg 

a^doaor 

041^93 

341.» 
ID^OUlDO 

VOODOO 

MIQD 

UHlW 

m,H 

]3,0dGLD0 

.06 

.(» 

l.lHldL(U 

T^mOD 

S3Z3I> 

iu>.i:Kn-» 


»3.a6 


tt.6CT,88 

HELM 

11^.23 

347.64 

VOvK 

siia&,aa 

t1.Y4 

HAST 

.63 

T.» 

44l{)i9S 

lP-7? 

* 1 : 44.33 

137.7D 

■Se7,4tt 
471-£9 
4,’fST.SS 
h^JSA4U 

m.si 

3SL04 


^01 

1.R2 

4,m^AT 


BtiilHl Jeid. wt im. til. cfTHlll Df ilui .un<]n> jtail. Tnwuy £i™rtinfliiL iuidcT|>H^ 

Tldgn d netkiQ lopa, Oeriwid iftnliilm m -7 r 
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qf income fwm ihi SmithKtmm Jund and t3ik£r aemicd anil jinit^ 

ijmifaA^edann^ lAi! jfcor crufiMj^ 1909 . 


BalimceJimQSOi X9jf3,*______118,766.41 

InLercDt 00 (and \u tbo United Btntes Treosary, dne Jal^ 1^ 

leoa^ fljid JunniLTy I, ..... 56,e^,D0 

Interest on West Bbora Jlsilruad boiidt due Joly 1, »ud Jimuiijy 

1, 1000..----- 1^680.00 

Excbuige mpaymentB, ssJe of pubUeiitioiu^ rcutolSp etc.. S^OOCIlOO 

Totml urMlftble £of your ending June 30, 1000......... 6^^141.41 


Ko»pectfuIJy submitted. 


WASlllKaTOE, D. C., 

ip J90S- 


fl. B, HEM>EBaOXj 

Ai.esaxder Ghaium Bell, 
John Dalzeix, 








PROCEEDINGS OF TflE BOARD OP REGENTS OF THE SMITHSO¬ 
NIAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 


At a meetmj^ of the Board of Regontrt held I^lerch 1903, the fol¬ 
lowing resolution adopted: 

Tliat^ in iidditjoii to tim pTeecribed mjeoLin^ held on the foaitli Wednes' 
clny In Jimnatry^ ^^luliir looetinga o| Uie boord shall be bpJd on tlie 1^lf>9<J[ay after 
tbe flret Mouday In December and the dkh dny ol Mareh, tmJesa that date bills on 
Sonclay, when the lollon'lii^ Mondity eIidII be aabstllutod^ 

At the aanual meeting of the l>OBrd held on jfttmary 2^, the 
alio VO rei^lutioD wus amended as follow^; 

^r^d!tvd^ That hsnnft^rUie Bon^ of Regents at the SmitlwcmLin Inotitntion ehall 
bold an aaniisl tuectmg on ihe Tnesdny alter tbe seeemd Monday iti DeGcoiber and 
another meeting on the eeeoMd Wednesday in Fehmiiry* 

In accordance with the first of these resohitions, the board met at 
W o’clock a. lu. on December 3, 1907, and Junuary 22, and, m 
provided hi the ^cond^ on Fohniary 1903. 

REGUIiAE KEETOrg OF DEOllMBEE 3, 1007, 

PrtMent: Mr. Chief Jnuttce Fuller (cbanceilor) in the clmir, Vice- 
President CluirSes W, Fftirbaubs, SenntorS. il, Culloui, HenatorPIcnry 
Cabot Ludgie, Senator A. O. Bacon, Representative John Dnlzcll, Bep- 
resentativo Jaiiias K. ^[ann, Representative William Jf. Howard, 
Dr. Andrew D, White, the Hon. John Henderson, and the secro- 
tary, Sir. Charles D. IVuIcott, 

JlNXFAX. R^iPOHT or TITK iJECHFTAET* 

The secretary presented his report on the operations of the Institu¬ 
tion for the year ending June 30, lOOT, including the report on the 
National Musoluu for the saiue time. 

On motion, the report was accepted. 

AUTUT or ACCOlrSTS. 

The secrcUn- brought up the question of auditing the accounts of 
the Listitatlon, and after discussion the following resolution was 
adopted: 

Rrtolrtd, That hesjofter the account* ol Uie InaUtulioD *luill 1* anUlted menially 
ondcr thi- dirccljuu 0l the eisctttlTe CDUuulUee: 
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EMERGENCY SUI*ER1NTENI>KNT OF CONSTRUCTION. 

Ifeferring^ to the actioD of the hoard at the meeting of starch 6,1007, 
in providing for a continuation of the work on tho new building for 
the National Museum undor oertafn oontingeneios^ the secretary 
explained that the Jiume liccesjsity exisitod at the presentt and after dis¬ 
cussion the following resolution was adoptedi 

That after this date, if Use Euperinteiident ot crkDHtmiztion of the new 
balldinj^ fhr the NatJonal MnEeuitip wlioee scrvitesare provided fur in the iiiadry 
dvil act nppn>i'€>dl Afarch lOCit, ehall becume incspoeitated for the performaniri^ of 
his duties when the boanl m not in seadoiip the secretary of the InstltutioDt subject 
to the approval of the executive couimitteo, la hereby authoiixcd and dincctcd to 
persounJly take cliuige of tlhe work of constmetioa on liehalX of the iKuud and to dia- 
\mrsfa appmpriaUous nunie for the saniOt or appoloL some mJtahie person or jiewnd 
to take cJuif^ of aiiid isiifilructioD aad lUsbuaiQ such appropHaGons. 

ACKNOUTiEWM FJTOl. 

TIjo secretary read a letter from Mr. Francis Peters Adams, brother 
of the liuo Iteprosentutivc llotert Adams, jr^, a regent of this liistitu- 
tion, acknowledging tlie action of the board in ndopiing resolutions 
ou the death of Air. Adams. 

E?!TIWATEa. 

Jfiltiiondt qf ArL —The eecrctarj'' read im follows from sec- 

tion 558G of the act of Aiigiisl 10, 1848, orgaukiug the ImitiCiition: 

WbenevereD] table arran^^em&nts iad bo made Tirjin time to time for their rseep^ 
tien, all objects of art aiiid of foreign aad curft^ reeearch * * * fib n it be dcU v^ 
ertd to sTiLih pensouH oh may bo aiithori®cd by the Board of Hegcnla to roceh“o tbeoi. 

In this conncotioii he called attention to the following statement of 
a special committee of the Board of Kegcnte, and to the resolution of 
the board adopted January 28, tSil (S. Doe., 20tb Cbng., *2d se^.^ No. 

211, p . £ 6): 

Ttie gallery of art^ your roaimitteo think, ehoDld Incliid^ both r«jntiTigs and 
sculpture^ us vrelL aj) and orchitectoTnl dusigna; niiEi It l4 dosimble to huvo 

in conneetlocL with it one ur more EtitdioG in which young artiste might copy witbont 
iuterTuptioUf being Admitted under Much n^gulAtions Ad the lioard may prescribe. 
Your eomudtioc abk? tJiinlc tbatp os the colloctJon of pointlnga and smlpturc will 
probably Accu£ii:UlAte slowly, the roam destined for a gallery of art ml^ht properly 
and osefuHy im^wbilo be occnpied during the eeSEions of Oougrese es on exhibition 
mom for the workm of ortlstH generally; and the ^tent and genci^ usefulness of 
sticb un exhibition might probably bo inoieawd if an arranf^ement could be effected 
with the Acadoiuy o| Design, the ArU^tJuion, the Artiste^ Fund Societyp and oth^ 
aasociattona of alniikr character, ao as to concentrate at the metropoUa for a certain 
partion of each wintiT the beat resnibi of talent In the dm- orta 

lifsotrad. That It b the intentiou of the act of Cengrafli osiabllohing the lostitutiDn, 
and in acMrdanfi> with the design of Mr. Siultbaun as in hii will, that 

une of the priacipal modea of cxoiAiting the act and the tmat is tite ^amnlatioii of 
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colloctioui af 8|tHdbien4 buJ objects of nstunJ haeiory and of etcgant urt, nnd the 
gradual fonnmtioa ot a Uliwr of TalnAble works poiialning to all deimrtmenis of 
hTunim knowlodin-'i b} tlie enijj ihnl h cojiloua itotolti.-iuR; of ntatcrinlfl of eiHcnce, 
litcnitars, and art may Irft proviilnl which Bholl oxcite iwi) tliffuBi* the lo^-e of Icam- 
ingoinang uicn, and dholl fljtirt the original inviytJgationa mid t-fforta of those who 
may devote thenMolvcfl to tha poreuit of any branch of knowledgu. 

The seciiutsiry wont on to say that the Smithsonmn lustiiution bad 
been known for ninny yeurs as mainly intorested in the devclofmiDiit 
of scientific resenreh, but it had been ulso interested in nrt from the 
Fcry beginning in oounection with the ninscuni; the derclopment of 
tho Qtiiaouni bad Iwen chiefly along the lines of natunU history, geol¬ 
ogy, and BJitbropology, bctause its lirst thirty years were coincident 
with the period in which scientilic men in the Unitod States were 
engaged in aiding practtcttl men in the conrjuest of nnture. Even in 
dlls period, however, the fine arts, the decorative, and tbe applied arts 
had received consideiabie attentiun. 

Thesecretury eicplalned that ivliilo the administmtion of the National 
Gallery could very well bo anTied on under the present scheme of 
organiziition, it wad desiruble that a spf^cial advisory committee of 
ex^x^iTs Ihj forniwl to advise him on art nmltere. 

Ho then rulkd uttenfion to the item in the cstimatei* requesting itn 
approprintiun of ftlu.oOO for adapting tlie large upper hail of the 
Smithsonian building to the pnrpoHCs of the Nntiontil Gallery of Art. 
He explained tliat sinea the March meeting of the lioflid » valiinbli* 
collection of paintings, fifty-four in numlicr, had Ipcea given to the 
National Gallery by Mr. ’William T. Evans, of MonUdiiir. N.tlmt 
within a few days a number of geiitieujeti in Washington bad pur¬ 
chased and presented one of the iwjst fjuintings of Alas WeyJ, n ioetd 
artif»t of disttiii:;tio!i. 

It ^ evident that provision of quarters for the paintings was 
pressing. The l/orcotivn Gallery of Art, wdiieh bad coiirteonslv pro¬ 
vided spnee for the exhibition of the Evans collection, required tho 
place so occupied for loan exhibitions, and while the trustees bad 
expressed their willingness to care for this colleetioii until tlio Insti¬ 
tution could make provision for it, it was not desirable that this 
should be lonjy delayocL 

After duicussioi]. the following resolutions wore adopted: 

That thp Boonl cf Regents of tho f^initbenuion Inctitulion biiug to 
attenlioD ^ iho Congrara ihi- tir«ont tiw^l far iho T^unifion of .jciortcra for the 
NrUoiuiI tidllury o( Art, ouil inraratiy hs^itutnEt,^ Ou, i^u, <,( $it 0 , 000 «ribinitted bv 
the secretary Jii the regnliu< mtiinatoe for this trtjrpose, 

rr. That ihft wcratory bt>, and lio is hereby, inrtim-toJ to transinit to 
thi»chatruiiui o( tlwi OottitnitUw on AppropiGtlonaor the Seimtoniid to tlieehaireian 
of the tomoiitW on Appiopriationa ol the Hooseof HoprwentaOvoe a copy of these 
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IS^quest t^jT Bnliitk at G^nm *—At th& meeting of 

the \yoatd held Jiiuimry 27. 18l>2. Soerctarr 1-ttngky reported tliut, at 
the auggissitioJi of the juithorities of the Englis^h (seinetery at Geuoa^ be 
hacl dci>OHited with (Jie iitinbei^^ riniiieti Browii Co^j tbe HUm of 
5fK) ItalhiEi lire ibe interciit on ^iliich wiis to be u^ed for tbe 

keeping in order of the giiivo of fianicit SiijitbHon. A^i wiui knovk ii to 
tlie Iwjird, thogroimcG of tho cemetery liad been expi^prinU^ by the 
Italian tt or eminent^ oiid the rental 11:51 of Smithdon brought to thid 
country and deposited in the Sniith&onian Iruatitiitioa^ 

The BritiisU eonsubgcncml at Genoa bad sent a circular letter to 
tbo&e interf-Htcd in tho liriti: 5 .h eemetery at Genoa Elbowing that a eoa- 
eiderable debt had lieen iaetirred in the meoe^js^iry removal of the 
gTavc>« and ebapeb and rennestings in view of the fuL-t that the remains 
of Swiitlu^on lay so long in the cemetery * tlint tlie $147 originally 
deposited tjo used in wbol 0 or in iMirt in imyltig otf the deht of tlie 
cemetery which^ though Eritislu wfinotJen to idt AmeriamH, 

L7ndor date of Mar« Ji 2d, the secretary replied that be did not feel 
liulhoriKcd to decide upon tho tinal di.^po^iitloii of the siiiii mimed, nnd 
pronu^^d to lay the matter lajfore the liosn d ivt this meeting* 
ilr. Dalsscll tinm S(uhiuitte<l tho fullou lng reselutiuiK which wa^ 
ailupied: 

Tiiflt tlie Board of Rftrrunlfl ot the Smithonnliw [tuidlutioti authcri^e 
that tliifl uiLTu of |n47p depteited tmtior liio nppmvitl of tlm hmrti witli tlie Ann of 
(InaiDt, Brown Go,, in Atiguirt, ISOl, hy Secretary "for Iho upkeep of 

Mr. Smitbiwn'sfcnu'e/' 1)0 oppUed Ee the piiqK«?8of the lintish win&Wi'y in accord- 
iLni^e with the n^picst of Use British at ttcaon. 

Tftit collect c 3 Ccretary called the attention of die 

board to the gift of the Willinui T* Evatiii collection nf indntings, and 
stated that the ndvanco tntitle hy the Ksitlunal Guilery of Art Hiiice the 
last meeting of the Isonrd wits briefly outlined on psige^ yi-3^ of his 
reiwrl^ ami tliat it would be more fully desc‘ril>ed in the reinurt of the 
m^isbmt Heerctary m charge of the Natioiml Mu^ficum* 

Thu secretnry ndded that the only couditiens or siiggeHthms mado 
by Mr* Evans worn tiiiit he wished to I’epkce iiny inferior examples 
w ith hotter Olios* and further, that he desired to mhl to the colleiiioii 
as oppurtunity offered, sis embodied in the following panagraphs of 
his letter of MiiitIi 12, iiimouncing the gifh 
^'1 have every reaHon to believe that you will like iiiy sel^M^t^ons^ 
btit ifhould any of the estniiplca not hold up well, ethers can be sulisti- 
tuted, m it my desire to hsivo everr artist represented at his liest* 
"Aa already in Limited, I intend tiint the present gift may not be 
considered as final. Additions may Ixs made from time to time as 
opportunities occur to s^ccure exceptional works. 
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Aftef tho following resoloUou was udopt^: 

Reaotiwif Ttiat lln\ UwikB of iho of Re^tB of Urn Smithaoiiian IiwtitwtiOEL 

be fendered ta Mr. WUIuuii T. Evan?, of Montclair, N. J., for tL& gviicroiis gift 
of hLi troJimLik collection of jiaintitij^ la ihe Kutioimi ■GHlIery of Art; that tbo 
Ifii^nlBinaccupHug the gilt nseo^nbio litij public spirit and devotion lo the blghtvt 
inlcrestfl of thenotlaii vfbii;h prompted tbia splendid doimtlon. 

Qnirtt-jn/ of t/of Corct/rttn Guilin/ of Air. Eraun dtwirod to 

nmkfl iiD iiuioediuto delivery of bLi colleotion, but tiiuie waa no place 
of sufficient abie in tlic Sniithaoiiiun or museum building which could 
properly m'commodaUj it In this cuiergency the (jorconm (mllcry 
of Art courteously extended tlie use of its large fitrimu, tjending the 
prepamtion of u suitable gallery here, and the Secretary thought that 
the Ijoard might wish to fonmily express its appreciation of this 
attention. 

Ou motion, the following resolution was adopted: 

Jlaoitrd. Thnt the thanks of tlie tloan) ol ItegentBof the SmEUiMnian rtirtiinttnn 
tieexteiiilifl lo the ImHliM ol the ChTieuniti IJoJIcTy of Art for llioir miurtiisy In iurri- 
vidin« hrinponiry exhibitiim (or the WillkniT. Evsuta doimtJon to the Kntionnl 
<iiiJIcry of Art. 


I/iMfffh'nv fuiul—Jho secretary continued: “ I liave given a good 
deal of consideration to the use of that portion of iho llodgkiua fund 
devoted to the increase and dillusion of more exact knowledge of the 
atmospheric air in relation to tho welfare of man. \Vliile iimch valu¬ 
able work has tieen done under thu fund, it seems to tne that it would 
be mono in cousonauce with the ideas of tho founder if at least a por¬ 
tion of it might be employed in some wny to iiid in the knowledge of 
the prevention of disease and its cure. J am now in consultation with 
Trof. a iroraer Woodbridge, of the Mussaohusetts Institute of Tech¬ 
nology. laiiitary engineer of the new office buildingB for the Capitol 
Dr. William H, Welch, of Johns Hopkins Hniversity, and Dr. Elmer 
Flick, of the Henry Phipps Institute for the Prevention and Cute of 
Tuberculosis, at Philadelphia, and hope to ba able tolnitiate some use- 
ful investigations along 

JitYucstof Me IkYfartmmt&f Statg tAni tiu; SjnUfmaiaji InHUutim 
chaTY^ of th^ Chiied Statt-s 6WniiJU7ii tjrhthit <ft th^ 
MnrdimeEe^iibm.~T:hQ aecretary stated tliat tho Institution under 
the special authority of Congress, Las particiioited for many years in 
all lulertmtional espoaitionaat nhich the Government was represeatffli 
Imt this year for the hrst time, and in complhmcc with a request of 
die IX-purtment of State, it has hod complete charge of a„ e^ibit for 
the I ^ At the lost session Congress pas^d an appropri- 

ntion of to enable this OoveMment to bo repreaentt'd at 

Bordcanv. The sunt was very small and the time so short that tho 
i^uied impossible, but tbo secreuiry wa. glad to be able to say 
that through tho energetic labors of the museum staff, a display woa 
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installed on July fir^t wkicb not only rcc(;Eved high prai^ from many 
quartBi>i, but for which a grand prise uwarded* 

Ji^s^rch secretary called attention to the condition of 

tho rcflourcCii of the Institution^ and stated that the li^tlatice of the 
ineonic from the iMircnt fund available July 1903* was too small a 
aum to initiate any considerable work. 

A number of minor investigations were now being carried on by 
the InstitutionT which bad met the approvid of scientiilc men- Modem 
researeby however, requires a great deal of money, aa it iiiusl start 
from the stage of ptwgress of science at the present day, and this often 
neoeasitated esepeuaive apparatus* lubomtoriea* and tlio work of many 
bonds* 

If funds can be obtained to be admitiisitered under the SmitbMitiinn 
Institution, the scienlilio work of the Government tun be often sup- 
plemented by original lesearchos of a charaeter tliat would hardly lio 
undci-Uiken by the Government* and which would bo of great aervice 
to humanity. 

DEATH OF VrUJ-[AM J* RUEES^ 

Mr. William J* Rhecs* for many years chief clerk of the Institu- 
tion, and later keeper of the archives, died on March 18, 1907, 
Reference to the demise of this faithful oBieial will bo found in the 
annual reporti A cbtu&o ia his will bequeathed 1^500 to the Insritution. 

AmrCTAX. MEETING Ot JfANTTABY SS. IBOS. 

Present: Mr. Chief Justice Fuller (ehiyicellor) in the cliair- Repre- 
sentative tlohn DalsscH* Representative James R* Maiuip Reprcsentji' 
tive William JL Henvurd* Pr*. James B, AagolL the Hon* John B. 
Henderson, Dr* Alexander Graham Bell, the Hon* George Gray* and 
the secretary, Mr. Chariest D. Walcott. 

READPOrN'raENT OF aEOE>TS, 

The chancellor tinnounccd the following reappointments of Regents 
under ilie ter ins of section 5531 of the Revised Statutes: 

By the President of the Semte* on January 14,1&03, Scmitor Bsicon, 
of Georgia. 

By Iho Spenkerof the House, oa Deccmiier 9,1907, Ropresentativea 
DohselL Mann, and Howard. 

RESIGNATION or REGENT* 

The chancellor submitted the resigmtion of the Hon* Richartl Olney 
as a Regent, and on motion the following resolutian was adopted: 

That the cf the Institution acknowl edge iho recei pt of the tel^ 

gmm frvm Mr, MletuuU Olney,. lenderin^ liia nesLipaatLon as a Regent of the 3mlth-^ 
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soniaii InfftitatioDp nnd 4^prc9B him thu appnccuitloEL the ia<!iiibm of the 
hoanl of hia BOTvicca aa n Itef^utp and thwir iit the termination ol hia olHclal 

coan€»‘tiQn witli the IfiftltudoD. 

Th(! fletrotary wns tnfttnu'ted to tranuiuit notice of tlie reaignatioo 
to Congres::i. 

ltE:^i.tniON KELATn’E to ivoome and ETtPFynrrfPT. 

Mr. ncnilntwn, m chainunu of the executive oowmittee, submitted 
the followui^ resolution, ivhicb ivsis aclujited: 

litmhfd, Thai IheiDcomeof tlieInetitnliAqhir thefiscul j-fwcaJuigJooDdOv 1009, 
t)(> npjifoiirlateil for the wmeo of the fnelittiiUcm, to be expended by thy Beeretary' 
with Ihn advice of the executive cammitleo, with full dLn^tion on the part ol the 
fleerctnry as to items. 

ANNTAi:. HEroaT of EXEtttmvE co-tianTTEE. 

Mr. Henderson, ba chaimmn, preseutt^d the annitiil report of the 
execHtive coiuiiiittcfi for the fiscal year endiof^ June SO, iSfOT. 

On motion, the rcfiort wjw adapted. 

ANNEAL REmar OF THE FELBMANRST COMillTTEE. 

The pernmneut c^iiiiuittett reflpe«‘tfiilJy submite fhe following-report 
covering tbo ijoritid sint^t^ the nniitiul meeting of the Board of Begentd 
on January SS, UHiT: 

Jleulfflrifui —As reported to the board by the fieerctarv, at its 

meeting on Manh IJ, llMiT, the government Iwnds constituting the 
reaiduuu] of tiie estate of the late Thomas George Hodgkins, and held 
by the New York Life luid Trust Compntiy ijendJng the linal declsinn, 
on nppenl, of n suit in w'hich the liahillty of the estate of Mr, ilodg- 
kid .1 oa a wurtanty of title by him in the tmnsfer of certain real 
proi»rty ill New I'ork City was in question, were, in accordance with 
n resolution by the Board of Kegents, sold and the proceeds deposited 
to the credit of the pornianent SDutbsanian Fund in the United States 
Treasury. No other tiansactions wcumd during the year with refer- 
eiire to the funds received by the Listitiitlon through the Hodgkina 
betjkiesiL 

vliui'iyjrtr enfufr.—Tlie bearing on appeal from the decision of the 
Biipreme eonit of New York City, in May, IPOff, fiiistaiaiijg the bequest 
of Mr AValbioe C. Andrews for the establishment of the Andrews 
Institute for ('.irk, «t Wiitonghhy, Ohio, took place at Alhsiny, N. Y. 
on Jaiiiinry 15, lOOS, the Institution tieing rejsresented by Mr^ Flunk 
W. Hiu^kett and Mr. Edmund M'etmore. It waa argued by counsel 
for the lustiliitioii that the Kmitbsonian does not wkh to rweivo the 
legacy involved, unless in so doing it is carrying out the wishes of Mr. 
Andrews in the matter. The sum involved, as has been already stated 
to the Ijoard, i-s estlmalcd ut more ttjun a million nod a half dollars. 
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—Tho Iiutitiition b fltill m possosisjan of fom- parcels 
of real e«t 4 te^ to which it received title by the l>eqiif?i!t of thq kto 
llolwrt Staetod Avery. The recont improvements in their vkinity 
have greatly afihauced the mine of these properties^ 

and J2t-td —As han lieeii previously reported to the 

boards the rosiduni legacies to the Inatitntiijn under the toruis of the 
Sprague uod Held becjucsta are subject to tho death of cortain enti- 
tiiemted legatees, and it is probtihlo that the Institution will not derive 
any actual income from those estates for years to c^mo« 

d. B. Henderson., 

O/tiiirman Pi^rFami^ul C'ommiltee^ 

Bmrd tif Sniilh^nian Imlltutian^ 

On motion^ the report was accepted. 

AnUKOWTJCDOHEXT OF BRITISH CONSUL^j EH EHAL AT VH^XOA* 

The scerctaiy lironght before the Iniurd n letter from tlie BHtish 
eonsnl-gcnemlat Genoa^ conveying the thcinksof the British cemetery 
HuthoriUe-s for the action of tho lioard taken at the meeting of Dei?em- 
her fi* ISJOT, in placing the sum of $147 at their dbiHissoil for the pur¬ 
poses of the aeuietery% 

SECRETxMJv'li STATKMEXT, 

CommiUtr'& tm A'atiMal &y AH. — accordance! with the 

view dLsciiSfied at the meeting on Decernl>er and n« the result 

of variouf^ conferonecH held in Washington and Krw York^ 1 have 
come to the conclusion tluit at tho oiitnet it b ndvisidde to creato an 
advi^ry ooinmitteo for the National Gallery of Art, compel of five 
persons^ two of whom shall be nominated hy the lnstituilmi imd the 
other three shall ho cboiscn hy the National Academy of Design, the 
Natiomil Sculptiiro Sotdety, and the Fine Arts Federation, respec¬ 
tively, Til is ln.^t organ batiofi b itself a repretMJdtatico ixaly tom- 
posed of delegates from all of the art societies iu New York« Of the 
two members named hy the IzistitiitioUp one,, I think, should Im resi¬ 
dent in WasliingtoD and the other should be an appointment at large^ 
as it were^ a man who repreeeny nil art interests nud is iic^^ptahle 
to all. 

"^It ia my opinion that this ooiumittee should not he a peruiuneut 
one; that the members should hold tlieir appointmeuts for a period of 
three yc?ars, and possibly not be eligible to immediate rcappomtnieDt^ 
and that ilnbould bo so arranged that, sa}% no more than two would 
leave the committee in any one year* 

I am satislieil that fla a result of the conferences valuable advice 
can be secured from the IllQ^^t eminent persons in this country, and 
that this bcbemc will acceptably bridge over the time until a proper 
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stjitf cnD be sccunsl and ttiaintaioed. Thia plan is not new with the 
Institution^ as fnim the beginuiiiff the secretiry has been advised by 
committees, a majority of which were generally persons not connected 
with the 

“It ia my opinion that if the Institution takes this stop now it 
will be of imporumce not simply for the Institution itself, hut for the 
art interests of tlie entire nation, and that it will have its inUnonce in 
setting a proper standard of itidgment and criticism in art mattora,'’ 
Thg new huildiutf/ftr the MiUnuit d/Hsea/n.—Since the la^t meet¬ 
ing of the board the outer walla of this hnildiug havo Iwen entirely 
completed, eicopt at the south or main pavilion, where they have 
been carried slightly above the level of the second-story floor. The 
delay at this place hiLH been mainly causod hy tiio failure of the quariT 
to furnish stone as rapidly as required, but it does not interfere with 
work elsewhere on the building, which, for some time, has l>ccn pro- 
gre-saing rapidly and satisfactorily. 

After careful considemtion of all that remaioB to Ijo done, there 
seems no reason to doubt that if there are no unforeseen interruptions 
the building will be ready for occnpiney by Janunry next, as was pre¬ 
dicted some time ago by the auperinteudent of construction. 

te ofomsfl a Uftal edipM of the fan.—Ali . C. G. Abbot, 
the director of the Astrophysical Obsorvatorv, was sent on an expe¬ 
dition in conjunction with Professor Campbell, director of Lick Ob¬ 
servatory, to Flint Island in the South Pacific, about 400 miles north 
of Taliiti, to observe a total eclipse of the gun occuiring January S, 


It bus been impossible for Mr. Abbot to make a full report in* vet 
but cablegrams received indicate that he ha# had a most flucces^ful 
expoditiou, the reauJts of which wUl bo communicated to the board 
later. 


l\M\ciiy iKrefflK.—The secretary stated that in necordance with bm 
suggestion at the meeting on March 6,14)07, the nrtldeii pubILhed by 
the Institution bad been put in popular form and sent to a number of 
nowspupoT^i for the wider dissemination than could lie afforded in tho 
formal reports. As a result tlio activities of the Institution had l«en 
brought lo public notice to a greater exlont than heretofore: audit 
was fell that one of the functions of tlie Institution, the “ diffusion « 
ol knowledge, was being enlarged and satisfactorily complied with, 
Midmgaofthe Boasrdof socretaTy brought up the 

matter of a chango in the dates of the board meetings, and after 
exptunatjon and discussion, the following resolution was^opted: 

Tt^l the ^ of B^nis of tho Smfthsoniai, Instimtioa shall 

hold an anniuil on the after tho w»ad ilonday ia 

another meeting on the tecoed Wedae*ljiy in Febna^. ^ oc«uil»r and 
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C^a (rrand^^ Arisoua^^Dr^ J, W, Fowk&s, of the Bureau of Am«r- 
icaD Ethnolc^, who has had wide exi>erieiice ah iin areheologiEst, ti|>ent 
huyt winter in the excavation and re^tomtion of the first group of 
remarkable ruins at Casa Grande, Arizeoa, under the appropriation 
made to the Institution for that purpose. 

Doctor Fewkes is now at Casa Grande invesligatinff the second group 
or ** compound” of these rujn^i^ and his reporta indicate that much val- 
ualde joformatlon Fcganling the ahoriginea of this section will bo 
obtained from the iDvestigatioiis now in progress. 

Verd^ jyidional Ihrl\ Colorado .—At the rex^uost of the Score* 
tai-y of the laberior, Doc'tor Fowkes was directed on October 31,10OT, 
upou the completion of the season^s work at CosiA GmndOT to assume 
charge of the excavation, preserration, and repairs of tlie cliff dwellings 
and other prehistorie ruins in the !Mcsa Verde National Piirk% which 
has recently been set aside by the President as a national park on 
account of the important mins it eontains^ 

In reply to a question the secretary explained the proviaions of the 
law for the preservation of American antiquities, wbieb was intended 
to prevent the destruction and wasto of ajitiquities by tinuuthor- 
i^d petsona or orgauizatious, and cited several mstances of such 
depredations* 

BX&trXAB MEETING OF FEBEITABT 12, 1^38. 

Present, Mr^ Chief Justice Fuller (chancellor) in the chidr; Repre¬ 
sentative James H. Mann, Representative William SL Howard, Dr* A. 
Gnibam Bell, and tlio l^lecretary^ Mr. Charles D. Walcott. 

Adj&umm^mt.^Thtvo being no quorum present^ the chancellor 
declared the meeting adjourned, previous to which, however, there 
was an informal discussion on makers in connoction with the Institu* 
tion and its branches* 


ACTS AND RESOLUTtONS OF CONGRESS RELATIVE TO TSIE 
SMITHSONIAN INSTITUTION, ETC. 

iCoflilDtircd frum pcTfioni rv^irli.l 


ESIxtt«EtL CotkEx^w, Ant HHHkm.] 

ISMI Tlt^ AK 1 ?EMT.7TrTIOS. 

Ap^POlsirM'CW‘1* or HiniExte jKitjffifrrd f/iic (in^f fiowfft of 

lfPf» 0 / JAr United Stalest af .Ijurrinr lit Cdnfrmrjt Tbuit rlie van nr; 

tn tJ)d lioiird of Bc^eotet ot tiie SjaltLsontAii Instltiiii™ of the clnss "oUicr 
tiutti Mmiliem of Coii|»<>i»” «tia11 lio bj thp mijiolntiuem of Clmrloa 

tfbuiiU% jMilor, a L>itl»>a of UnfisachuKtle. {AppnjVKl, FeLnmtr 24 l!W8' 

Ktatiiii-*, XXXV. sar.) 

SJitiTHSost.\.'* nKouxDR: For ImpotvroicuL niro. mini molutLOdm'e of SniltU- 
iHiildti ^nndR. tlin* tlioUHani] doTlnim. (Ain>roved, M(ij 27 im* Ftutiiies. 
XXXi;3.'i5.| 

PKl.tTtKo A^U BiKDiaiki For tho Bmllhsoubin Tinniltillou, for prlntlat? imd 
bludtii^ the Ahiilid] of the Bmal of Rwntfl, with KVhnntl hjiiviidliiat 

ten thoiiHond dollnrs; under the Fialtlumubin IiiAtltatlou, for the Atmoal Re- 
I»rtA of ttw National lluM-unk, wliU licncnl nt^peiadlseH. and for itrlatin* 
IdUilH ftttti titankoi, nnd for the ttnllrlltia mnl Froci-edlii^ of the Natloiml 
aiiiisenm, Itir otlttloun of wblidi niMill hot exeeml four thouHiui) cnjik«, bimI 
bind lac;, in hnlf tdrkoT’ or material not iiioro ext^nElre, sclent hit; Tiooks ami 
[NuupUlotn |rreM-nti<d to ami ndtiilnid hy the Nntlonnl Museum Lll^rury. thirty- 
four ibnuMinil dolinra; fur the Auuunl tteporta and BuUetttiii of the Bureau 
of Ajaierleau ttilmoleas’. and for mbMotllAacoua ifrlatlnn and hladln^ for the 
liumu, twenty-one thonnand dollam: for mlseellnneons [itintlnj; and blndlni; 
for the IntemnlttiiMl Bseluinpa- two h nnd rad ijollnrs ; the liitomn tJoani Cata- 
loifue of BdcntlOo I.lteratare, one hubdred dellnrs; the XatlonnJ Kooioglail 
iHirk. two huintrvd dollnrs; the A«trt»iibjnlGnl Ohoervatory, tme bnBiIp<d dol- 
hii»| anri for the Annual Report of the Aniorlran UlHtorkwl Assoelatlon, Mnsn 
thotiatnd diilhtnt In all, sei'cnty-mo ihouMbd sUt hnoilrcd dollurs, (Apimived. 
May 27* KldS; Statutes, XXXV, Siffl.) 

SHtTHHoyiA.f UErosjT (LuHUBv OS OoKoiEss 1 : Fof cqsiodlnn. one thoujuitid 
Are hundred doltars; nssistant, one ttmusaiul four hundred dollant; messenRcr, 
PCITD hnnilit'd nnd twinity dollarit; mposefifsjt boy. three hundnd and sixty 
dollars; in oil, three thousand nine htindRd and eighty dollafB. (Annroved. 
Slay IS, inOS; BtatDhM, XXXY, tUl.) 

WAJtiuxnTOic En-ATcc; Ittmirtil by ihr fii'nate nnd ffowte 0 / ffepresenfuffpr* 
of tHr Uittifi 8We* of Amerbtt (a Cottftvta QnufTtibha, That the stahie of 
f*resldent Wusblnstim, now locatetl In the Cajiltol grouinlj! cast of the Capitol, 
tKv nml Hw annie Is Jierchy, tninsrhrn>d to the eustoily of the StulUisonbin Instl* 
tuflou. lApprurcd, aioy 22, mOS; Sthtutee^ XXXV, 07^) 
lOS 
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Fop ««■ tnioBfcr of iLo u^rblL' suiting of Wa«ltliiKton. by CnwQouirli. from tJjo 
pictjia in front of tlio Caiiltoi to ilie> f;tnltL3iiiii4in iTurtltntlaUi miilDr tlin dlnjctlDii 
of the Scvrotnry of tin* SmlUieoulan Innilution nud tlio SttpertiitciKlont of tho 
CApiiol Rulkjliig fltii] firnuDds^ Includtnj' tbo consirnotion of n fonuitntlon nnd n 
tnniOlo Lako. flro thouettnd dal Inns. (Apiinovcd, Jloy -JO. IMS ; Stntiitei^ XXX V, 

Patoit MuOErjs: For rojit of nMinm in tin- Pnlon Rullilluit for Putout OittFo 
luinlot diirin;: so tundi of Ujo flam I ywr nioetHin Imndrod and nine no 

luny bo ncrt^iry, and for tnreomry catm-tweij of nuuoral and storage of said 
UxMliEt, nineteen Uiaufsniid Ovc Iiundiod dollaiii: Prorfded, That a coninilKiEim. 
w-Wcb In berelty crontcrl. to ennalHt of the SetTelaiy of the Interior, the Commts- 
Hloner of Pbivuim, and the Secretary of ihe Smithsonian Instlintion, shall deter' 
tnlne which of ihi- modclit of the Patent fttHc*; njay be of tM’sslIde benefit to 
|tstentcc9 or of historical ralue, nwJb models thna t-eleeted to lie taml for la 
the now Xntlimiil Museum TuiMdlDfr, ihe rentnEndor of said iiiodela aliall twfure 
January first, nineteen hundred and nine, bo dliqtosed of by aali!, ntft, or oihoi^ 
wise as the ('omndriatfiijer of I'litents, with the appr^ival of the Seeretnrj- of the 
Interior, shall detemiliie. (Appiioved. Mny 22, IMS; Statutes, XXXV, S2W.) 

iiencna.ii:ioKAi, nxcitAfstiEs. 

For Gxpoiisos of tlio system of internatlonnl exchanges hetween the United 
States mat forclnn conntrlefl, under the di reel Eon of the Siiilthsonluii Instltii- 
llon, Inclndltin salaries or vonitvnsatlon of all nocessnry- cni|doyoes, nnd the 
{■itrcbase of necessary hooks owl iterludkiils, ihlrtydwo tbousand ilollans. (Ap- 
prored. May 2*. IWKS; SlatnteH. XXXV. 32k) 

XArAnOuuchVATQRTt fVf nijNilre tn hnlldliijpi. gxttires, and fences, furniture, 
RaAi ehenilcalK, and ulnthinery, fndght tbiclndlng Iransmlsakut of public tiocu' 
meats throuith the ftmithwmian exchange}, foreign i>occiiice, and expressage, 
plnnti^ fertniaors, uiid nil con I ingen i expt^ses. three Ihnnsnnd dottare. (Ati' 
jmived, Mny 22, lOOS; Statutes, XXXV, 221.) 

For reiMitrs to bnlldlngit, flxtnres. and fruees; furniture, giis ehcnilLmIs, and 
slatEouej^; freiaht (liieIndlliK the initlsntlsslun of publle iltM'umvnta through the 
iiudlhtionEMn oxehnri|.T‘), for^dgu iiostage, and cspruwijgi>; phinta, fertlliaor, am! 
nil eciutinKent exiM.mscs, throe hundred dolhtra. (Apprutod, ilay ;«) JtWS* fitat. 
ntes, XXXV, .■»«,) ' ’ 

itt'lmAV OF AMmtCA.’T KTlthOUmr. 

FEir coiithiuliii; ethnologteal m<enrolu»i nmong tlm American Indiana nnd the 
nullvcs of Iliiivnll nmler tlm dlrecllon of tlte .Smithsonian Institutloti, Itwliidlng 
mihtrJes or roinpcnsntton of all iit'cetwarj' cmidoyeea and the pnrcLjiae of iieces. 
Hury t►ocl|« and pertialicale. foity two ihoinmnd dollars, of which miiu not ex- 
<!cetlliig one thousnial live huiiilred dolhtre may bo used for rent of bitlldlns. 
(Approveil Jluy 27, Statu leiv XXXV, 323,} 

A.HTA0t'U YSICAL tHtflEKTATOBY* 

For malntcniiuce of Astrophysfcal Oliservatoiy. under the diiectlnn of the 

SlTF ttisouinii IncIttEiliig! ut nssIstJiDt#, iho ininihrtsfu of npce-ii- 

sniT laioks uitd pcHodlcalu, aiiimratus, nmklng tieueisary otiservuttons In high 
ntmnde*. reimlrtt „nd altenilinos of hnlldEngn. and uiiscoltaneoiia mipcnsea, 
thirteen thuuHand dolJuro. (Approfod Jloy 27, itws; Statute XXXV. 324.) 

$S2!)2'—nil IfKIS-8 
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IPrTtll.^ Atla2(AL CATALCH31JC Of ACli::fTJnC LttllflATTJKE. 

Fof the cooponitSoD of the UnltGil to tiie work of tL** IntcniJitfiDna] 

Cntfl]o(rcif> of Sclentiflc Llteratore, inelttEliPB the pre[HinitloD of n eiaeslflod hiiies 
cotJilD|;oo of AnR^jlenn ^lontUlc publleatlone for Ineorfionitfon in tho liitemn- 
tlonal Cubiloffno. tho e3ei>etifie of clerk Wrep ttio jiurcbni^o of ntwKmry books 

niiil pcirlodlcals^ nml oilior oeee^iry iDetdentol f4Cpea5o», Or? ilolkirsp 

the sitae to lio Miiotided ander the din^^tloti of the gmitJi^olai!] iDStitniton. 
(ApproTcd S-tny rr* lOOS; Statate^, XNXV. 323 .) 

K^ATiaifAl. Musinru. 

For cases, famltaro, flrtar^ nad appllnncaft l^alrGd for tlio exhibition Jincl 
safiykooEiliig of tlio coi lections of the NatJonjiI taclodini; salaricfl r>t 

oomiicnsalioD of all n^Hcossoty employees, fifty thonnnnd dolkirtL 

For expen&e of tLCotlrij;?. UKlillajir. electrical, tel*wiphle, nnd telephonic sorrier 
for the Kailoaat ^u^rn. tweaty-two thouiiaiiii dollars. 

For coatltitijn^ the pre^er^-Btloa^ exlilliliion, mid Incraa^ of the coliccUans 
from the stlncylaj? and explorlnir ertiedltloOH of Uie Uo¥einmciit* md from 
other ffonrccs, Incladin^ salaries or camiJcnsitEon of oil nec^ssmt^' etciplfij-ecs, 
oad ah other necessary cipenaefl, nn-t* hxindretl anil ninety tboumhd dollars, of 
which siuu five thoniumd five Imndml dollHi^ may he a«d for iicL'c^ry' dmw’ 
ings Slid ILIastnitlonj for publlcatJoa^ of the NntEuaai XlaseniUi 

For iiiiroluiKe of henka^ ikazapliletsi and pei^Kodlcnls for irfen^net* Jn the 
Xatlonal +Muf^nnL two thoustind dalhirs. 

For retialrn to ballillnirs, shops, and shedn. National ^taiecuju, Including all 
necessary labor and material, fifteen thousaad fiollnrs- 

Fof real of workshops and tomiwrarj- stomi.T? qiwmers for the Natluiial 
Museum, four tbonBond fire handred and eighty dollam 

For poatnge atnmps nnd foreign postal cjirds for the Notloual Miihsuih, five 
hundrotl dollars. 

(AftfroTcd ilny 2T» 1908: Stalutes, XXXV, 324.) 

SArJOZfAL EOOrJOlilCAh rARK. 

For cnntlnalng the coastrnetton of rasiK walksi waler supply, sewer^ 

age, and drainage; nml for gimdhig. phiiitlng, nnd nithenvlse lmpp 3 vlnK Hm 
ifttnrndK; creed lug and rcjuilrlpg halldlng^ and Inctosiirefi: ean'p jtnhHlsftciLciv 
piirE-huM-, am) tmnaikfrtnthm of atilmnbi; Inandlng Kalurlcs or t^jnipcnnitlim 
of nil nixetf^ry cmpltiyeiw^ nnd jwutTal Inclduatnl exiajar^oi not idherwlsc 
vldod for* lacladlng pi^rcbase, mnintenance, and driving of horrtca ami vahlclcfl 
roiiaircd for official patpopes, nlnety-ave thonKind doliarSt one half of which 
wnni shall Ijc iwld from the revenues of the IKtilrlct of CVjtumhla und I he other 
half fp>m the Treasury of lia* United Siutes, tApproved May 2T, vm: Slat. 
Utes. XXNV. 221,) 

Far defniying the eijN-uHR^ far wtuiess fees, court oosIr prr>fe»sloaal ftcnlcra 
of physicians, imd other nect-Bwary chatges Incurred In the defetu^ of the salt l>y 
Hannah Jackson ngainsrt Frank Baker. suiicrJnti-iidetit of the pkrk, oms hundred 
siiEl nftcea iloMars nnd serenty cents, Uimroicd 31ay 80, l^m* Statuteft. 
XXXVp 4P30 

mntmoa ow alas kan aAMr_ 

siw. d TTiat It HhalJ bo unlawful for wny tiersonit, firm, or coriiomtlon, or 
ihcir offii?ers or agouts, to delLriy to uay cemuDon auTler, or for the owner* ajmut. 
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or niDBtcr of nay TPseel nr for Jiiiy otlier tiomm, to nwclTo for *tilinnciit or 
Ijavo lu pofase^sslon witli to Hlilp out of Alanltii. niiy wM UrrtK oicopt 

ea^lG^ or partB or nny hoailuL hldt^ or oortmifswB of liromi 

rtirnwrt], dccT, mooBo, moiitiiailu or tooiiotnaa piats^ ur thereof. iinlef» 

aald JiCTidn, bJdi's, or »t'i»iujiiiii1iHl by the rwiulri?d Ilwnw or eotn>oEi 

rttid by u copy of tlie arndovlt n^iilri«fj by rKH Mcm Are of thiAart : Ttwt 

Id liiifl act bJoiII l>e conHtrufitl in (rroTeul tlio co|Ji>otlon of i^poc-lnicDH for 
poriKJsos^ rbe iuptrire or Bhijiii^H^iit of live itud birds for e^bibl- 

tloD or prcd^ngntloOi fir the eipi>rt from Atnsfea of Bjtecliiaciifi under jimiitt from 
the Scerctnry of AMT’U'Ulttire, and umJer such rcftrittlonn and IJadtAtioni^ as bo 
Cofly prescriho aiift pabliMb. 

•‘ It flball bo the duty of tbo collector of enstoms nt SoatUo. PortloDd, and 
Snu FraiielRco to keep strict ncocilint of all cansIji^iriieiitE of nntmnle ro- 

celrcd fn>iii Alaska. ilhiI no ci^pslnrimi'nt of ^me utmll bo otklered until dno 
tiotleo tbrn-mf bus been rocolvoil froaa the novcrtior of Ala»lai Of the Jf^Tretary of 
A^rlcaltiiro. nT»i foniid to n(LTt^ wllb the nfliuc flial iiddrt«fl oa (be BM]jui<pt. 
In COHO rotiatanmeiita ttrrire witbfint lIconftOHt they eIiuII bo dcbilntnl for s|i(y 
(laysv and If ii llccnao Ito not tbi*n producocl i^ld ctknjslEutiientK atulll Ih> forfoJtiNj 
to Ibc IMieil State* mid kIuiH be doUvorva by iho colfoctof of CtiFtonn^ to tbc 
United StHtcfl marsJml of ibe dEBtrlct fa? *ycb illBposEtloci ua the court juay 
dlret-t 

• i • • ■ t p 

<Apprtsti?d >Iuy u. lOdf?; eitatuten. iw.) 

NATIOTTAIp AOABCyiY Of EUIESCT3. 

The Natlofial AMidcmy of Scicuoea la required, at tbetr nciC aioetltii^. to taka 
Into L^ushlarntkin the metbuds and eJCiwaiws of ooinlMctlni; all stirTcya 4 if a 
scfciidffc ehatiicton aiid all cbcmkitlH to$tlnit. nnd oxiairlaiental laljoratarlcF nnij 
10 rejiort t4J Ojortcsi ns soon lUoreafter us may be prtietEcabk'! ci lilnii f 4 jr tsai- 
» .] Ida ting siicb min cyM. clatuU'nh test£ii|!, and cxiiori mental talkomtorlos »> aa 
ti> eeroettmUy prevent duplU-ntlnn of work and redoue uztiw-ndltnrea witbntit 
liidrlment to tbo ipnbite service. 

It Is tbe jQd^purf^nt of CTonpress that any iKtr»>n who boblit employtaenI muler 
Hit tJnlleiJ Hlati^ er who Is i'm]d4iyc<d by ami receiver a repultir wilfliy from any 
HelentLQe bnn^ii or instltutlan that Is re^iulrvd to re|win ta shonid 

refrain from t^ii^klphtbin In ibi- deUtK>rutlcinjj of saht NutEonal Academy of 
Seloneo on itila wliJiN't anil from votinp on or Join Inn in nuy rpaanmcoaulon 
hereunder. (Aj>pmved May 37, ltJ08^ Statute XKKy, 387.) 

J'lftST PASC^AUEBieASr flefKSffLFIC HiSTLtOO, CftlliE. 

P 

To phHblp tlK* Gdvciritmciit of tbe riiHed Stnlca to Iw Jlitlnely at 

tht‘ ftm riin'AmorletHi lo Iw liitW nt f^intlnca, ClilU*. tliirlni; 

tile yctir Tilnrt<<>n 1inuilr«<1 nnd eljtflut, tblrty-Dve Hionufind dollitM, to b«t liaiiiL>- 
dintctly avnUntile amt ici |i« M]iciidrtl under tJio directimi of the Sccivtaw of 
StnUs. (ApproTcd May 37, 1008: StBtutcii, XJCXV, 3Sft> 

lilTKaaAriOJtAL CbNCHESB OSf lUbERCXmOStS, 

To eanble tbe Ciovertiiiient of the Uni tod ^tes snltnldy ta tHitHelpatc In tlie 
rnteninlloiml fonpn-w oti Tuln'njBlesK wbltli will ctnivene Jit Wnrtiinpton, 
SepiemlKir twenty-llm to October twelftli, uliietofm bimdmt otnl eisht, twetttj''' 
Ote thousand dollars, (Approncii, Miif 21, tOOS: Statutes XXXV, 17a> 
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tin latiMUnlluiml Ccmprt'w® Tuboreulo^rH wlU mwl 111 VV'jiHMjietDD 
In Scplwiil>&r. ninetwii Ittmdr^ nud the eamc Imlu^ tlic S3xl-h InUirau- 

thianl Ootijtwss tm ttnd ttc flrw tn be held Ln Auiertf^a; unU 

WbereaH fjertm of tliu nlije deiArtmemts c»f the Ptsletal Geveriirnimt liaTe 
;)«ilLJQnoil ("crtiiiTts® Tor the autlicrlty imd iruunfl to |iBrt(cJpitn Iq Ibtp Cmi- 
KTpsfli; tuid 

Wlieroos the tinvomor^ of tw uoty-o3iUit E^rntes Of The Uiilloit Htiitca liuve 
iiuUiorLxed iJie iiiirtlcli>ntloEi «f ihplr acveral In this ; mid 

Whorene the XntlouHl Afi.'VKlnthm for ibe Study nUtl t*lx^ttintloii of Tulicr- 
Clllindfi Imn prevlileil tlie tiocQssqry mGans and on^nted a (Rt^lnl coioinlltec! to 
^uro till? {^rtklpatlou of tuluutary und privato intere^H Id Uie tomhnf lutor- 
DiUi<»[ial CoiiflireaB on TulrfifetilftRlif: and 

Wlioreos (irefoillii}^ [EitenirtiUinal frcounitij: In otlHM" rounlfti^M In 

ihe iwi^ fifteen yiMirn Imitu bwn bold undor co^’ennjiratnl ntnl lielc- 

lOites from tho I'nlted Stnlc* have partlctputod therein nifr iftufstft of fortlsn 
gDvomiEPii ti9 ■ TlKTofore he It 

licso^rPfi blf fAc ufrit ifoBfJir 0/ nf the fntfrrl £r|aicJi of 

^irtrrlCTi in uj^mubled, Tlmt tlio Dui^irlment of Stjiti’ lie^ niid la heMiy, 

authorized to Intlto the pb>venmiont» of other coantrleH, thinoiii^h tlielr tola- 
Mera, to s^cml ropn^sont4itlvDs 10 tJio iDtomjittoiuil OonitrE^** on T*nhcreiilri«lj^. 
|o he held tn WaaMiiirfoli. S^jitomlM-T twenty-finn li> tX^hihcr taidfthr oEnetwli 
hiuidrcd nod e%liL tAupfovwh Mareli 3 . ItXJS; SlatuUMS, XXXV, 5 CtSv> 

That the lY^wldeot Ihe, iiad llC^ is heruby* ejBiwfferod nnd rc?qnwt4xT to lUrcut 
tlio Secretary of the SiiiltlomQilirL InsttltnlloD and the Secreiary of Ap’lciilture 
to jiImco at the diaihifiltlna of the riilemutlontil TuliereilloffiB ConjrrcftH, under 
Huch teniiB and coinUiiona iis? the PrraMcnt may nathorlEe or prescribe, rtitcrh 
n[iiico, tiet HOW oiTU|>led. hi tliu hew Natlomit Arn^CHin and AqrlCDllunil bulld-^ 
liUifl. nwtH.'ctlTely* as mnj be iuwHhI to pm^Tly preuide for the meeting of 
ftiidl Intoniiillciiiiil TuherculoHhi f'oiitrr^^w, Itn-bidlH^ erthllfitH. to In? held Ln 
Soiitemtier and rh:tolK^r of the imwaif year, nlnS ihe nat* of snhl bulldtiip^ for 
Kiicli pnri^jRetf hi beretiy authorlzi.Hl; uhlI iH^romnebt oceii|Miney of nueli bttlkb 
Ijigs, retfiwtivoly, flhal] tw poatponed In R-a far aa iimy lie ueewsary to carry 
out the f^^r^^ohl{^ prorlHEtiuj*; nnil the mtn of forty iliiMiHiisiil diilhirn, or s*? 
uiiiLib an nmy he nisecfiwiry. to he In ncennliiiun* with ilii* 

illr*'ellctn!* of the rrcsildeiil for the tmylniJUt of lit eonnecllon wtlli Ibe 

Kiiitjible tc!tEh|H}rELn' prt^poration of hM Inilililitktni for mieli piirrM^ieB, Is hereby 
appropriated- l(Apnmvod.^ May 30^ llMliii Slnttilua XXXV, ITiP.J 

dpoamos AT (jifno, EotranoTi. 

F'or the partielpfttlcra by the rutted States In nn expoaltlan to tie hold at 
Qiilto^ Jk'undor, dnrlia? the yinir nineteen hundred iind ulue. iLe Faaullna nf n 
cuiumlitslouer to ihv- oatne, a (loTcruinont exlilblt, thi^ ueciiflAjiiry of 

tmnFjHJriaLlon, and the erection of a bnddliig nt tbo eiiioaitloiu fifty tli 0114 mod 
dLillam or 80 mileb thereof iis muy be nccefwary* la bo eita^tided under tbo 
direction nf the Secretary nf Stale. (Appmycih May 2T, 1003; Statnlc^ 
X3tXV. 8ao,> 

Ai^HKAS'Ttntusf-PAUinc rxensmoM, Seattle wASHiNtfTnJf. 

«:*««* 4 4 

a EC- tlx Tliat there ehalt be eshlblirtS at wild exposition hy ibe <hy¥4'mtnoHt 
af the United Stntifi from the Smllhiainlaa iDstltutloii ami the Xatlonjil ^Ieo^uid 
guch articles and material of an historical mtnt^ ab will Impatt a htkuwledgu 
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of our natlonei] liEstoTj^ cspccitilly ilmi of A)ji9kn^ fEnwitll and tlio E^Mllpplue 
l^ilntudN and tluit itart of tliu ^-eitt of tlic Koelcy ModdIhIdbl 

Ttit?r© fdirtll lie L^xlillfltod from thu v:5;i'^u.tlTt ileiNirtmE*otii of tho Uoltietl 
wufit exhibits nfl will lUnHtrat^ iLutilr brlJiulpaJadmLali^nitJvofaiKtlon^ittud tliuSr 
«ducalLoaul voiuo In c<nu»i^lloil ivltli ilio dovolopnient of ooiutuort^ lo tbo 
eoaotrles lionli^rlu^ upon tbo FflCiflo Oraau: tbo pix^rvatlon of foroets; th& 
recrbiDitillloti atid iirt^^tlon of arid nnd eenilarld IueiiI.h; tbu improving nml 
ouliirplng of tmbfctiicrtntfi^o fuclimcs nud tbo FVilv^mrJs of uiivigutlon : otid tbc 
economic of Itic Invest Igutloim imd o|jftitlloni^ of tJMr Go^^ntnumt wltli 
rnfononco to piiblic boa Ilk. geology, extiortuH^nt atutlDDs, const nnd (rs.^ndettc 
surveyH nnd public roflds- To soearo a cimipEvtc and tiarcnoiilons iirrangemoiit 
of Riicli uovt^Tumeot cxiiJblt a Unllud States Goverufui^nt bmrd of nmnagent Ifl 
liOfeby autborized to be AplKiluted to be clnirgect wStii ibo sokTllon* purclmni-p 
pmjuiniiiuu^ tni.bAportuUati, amiogcmcnt, safe-ko^'plug, exJilbitJofi nnd rotum 
of sucb urticles niiid materlaJs ns tbe baitk of tbc sevenU depaniuemls, the 
Recrt'tnry of tbe Stultin^nlnii Inj$l|ttltlon. the Superintendcat of the Xntloiuil 
Mtisifidu, resiNjctively, dt^iddi.- fllioll be ciii1irucf>i] in tbu goveniment uslilbM 
bennn authorized. Tbo tVt^ldent of the TJnltt?d Stutes tuny nJno desigiuite 
iiddEtionu] articles of |ke4:ullDr Laterest for exhibition in conneetton tvUb iLio 
^lil gmerunioQt exhibit, ^ald govoruoieipt boitrd of managers sbiill be coin^ 
IKffUKj of three [>cnq[>na now In Otu employ of the Goverameiit, ai¥l Biwlt be 
npiwdiited by tJie Preflldent, one of whom flhttlE Iw? desipiuted hy tht? l*reniiJorit 
iiiS ehjdrmuD of the said \wfil nud oile as Bceretary uud dlsburslni: olHctT. The 
lueniber^ of enld govemmeut iMtanl, with other officers and emiilnyees of the 
GfkVemment who mny be [Ictaile^i to usaLst them, kuciudLng officers of the army 
nshl iinvy^ ehall receive no coin|>eimllon In iiddition to thcEr rej^uhir ^lorlco^ 
but Gaey Bhiill bv nllowinl tlielr actual and neeesMiry i ravelluiir espeases* teiretlier 
with fi jwr dloai In lleti of oubsJstence* to In? fixed by the Scjcn^tary of the 
Treasury * while tteccickarlly uhsoit from their homes engogotr) upon the hualuess 
of the honnl. Offleens of the army and tipiry shall reecive said nllowaucn In 
lieu of the oubslstcaco aud uilh^ge now Qllowed by Invi-; and the fi^cretary of 
War ami the of the Neivj- may* hi their dlscretlou. detail retired 

army Jitid unvy officers for srach daty. Any prorialon of law which may pro^ 
hlhU the detail of pcrsonii iu the employ of the United s^iates to other service 
than that which Gioy costoniarily {K^rform rIuiU not apply to poreoaH detailed 
for duty In counectloti with s^ukl Alaskn-YufeoiL-Paciilc Elxposttlon. Kmployeeo 
of the tKiiml not ntlmnivlije einployed by the Government shall be entitled to 
Such coaiiMJUHiillon aa the bukan) may determlncp and onch omployees mny be 
elected iRid nptiolnted by mid bo;EriL The dl^iurslpg nftlCi.T shnll gh-o bond 
in Ktich i^um as the Soeretnry of tlis? Treasury tuAy detonnhie for the fnlthfut 
r«:r forma nee of his duties sold bond to 3>o approved by fald Secfrtniy. Tbo 
Secretary of the Trcaourj shall ndvnaco to aaltl officer from titdn:^ ta time, under 
such regain t Ions an lu‘ mny prtwrllHi, p auiu of tnonuy from the approprlfitlun 
for the Koverujikmt exhibit herein atithorlzedH^ uot exceeding at any uno lime 
thTw-fonrths of Glo petiiilty of his boiidp to entilde him to pay the exi-HT^isea of 
raild oxlithlt UK authorized Ly the rniiod States Gcivermuent board homlo 
omitetl. Tlie Koiwtary uf tlM? Tn^aButy |g hereby aQthDrJ£o«l nnd directed to 
place on cxhilltiou* In eonnecnon with the exhibit of hU delkiHlnent niMii Ktjch 
groande as ahalf be allotted for this purposL*, ouo of Ehe Ufe-savlug iitntlotis 
liulberhccil to Ise constnictEd on the Pnclftc Omial of the United Slates by 
existing luwv Jtod to c-ausc the samo to bo fully equipped with nil appnratns, 
fomltare, aud applinncea now in mso In llfe-vaving Btatlons In ibe UnJtiid 
Sluteo. The St^toTary of Cemiifcret nnd l^bor la hereby nnthorizLHl and 
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dln?oikHl to plrtw on exMLitlon, In cotmeetion witli iIlk oxliibSt of Ids U^rintliTHjntt 
In feiieli bidldlns; or niiuaHiiiii n* kUiiII be alloiteij for eIjIb pariHmv n comploto 
exhibit of tlic ami liHliork»t uf ihe TTalt[«i| Kbltes^ Ttiijhkg, sjweliil iitteuUoM 
to tin- nsJs jsnd flicherl^ qf ih& Padflo Odftin^ w^tli n rlo^v to detmiUHtraliii^. In 
tho fullest mrtmn?r poftsJhle, the eeonomie ‘k’alue of sneh flub iind 
ProHdrd, That the ctwti of wild oKlilhlt Itotietn iiiithorl^iiKU Jmrluiliiii^ tlu* Hetee- 
tlno, jiurrlniae, prL^[*Linitlijr^ trEin^K»rtutlon+ arnm^Miient, safO'kcofjlitj^ exhibh 
Hoti, aod ratum of tlio nrtlcle^ uiiil uinterlula bo uxhildleil, ahtill not exce^J xhi* 
fit Kwo bnudml tLous^ind daMnrfl, whleli sum, mt 130 niisch tlmmsf fiB m^y 
neri^airy, la lii^reby aiiproprhitcd mt of nay money Lu thy Tmib-urj- nut oUier- 
irlHc^ DE^proprljitOLL 

* ■ * » * * * 

Ste. 14. That thfi RwrcUitr of (liP Tminuor siluil] cnasip Buttii|>1p ]inHdln(flt tu 
Itpprevff^ on itn? bHo of Butc AlaHkn VLiktiti rucinc t'^ipoiiitlou for hoIlI novem- 
lOPJK ekhEbll, liicludlnt' Jiti trrTenMou (tijil Ulagmnb building; nlsn a BHhorlc-H 
bolliUni^ complvta. wltl} iiiocbnnliTnl appunttiT^; dIao bultdluipt for tbr oxUbltM of 
ibp dEdtrlot of AEoflEia, tlio Territory of Hiixmll, and tho riiEIIp|KLiu> inlaudB: hJho 
bDlEilEngo for fluob otbor jairpoese In rfmn«rtlaa witb tiie exhlEilta ber«la author* 
la'll an In the JuOjjuienf of fho Scfretary of tlio TrctuiiurT mnj ho neoe«sary. 
Said buEldEnea ahull be erefted from platia prepaml by the fniijervlnlu)' Arohi- 
Iti-ct of the.Treasury, to trt; iipprovnl by the Swroiary of the Treoaury, uuiE iho 
Koeietary of the Tnnisury Es Bierdjy nafliorlzed and d Erected to (.tmtmet far 
Mill EuilEaiLjiR 111 tlie snme inanner ami nailer the stiiae regulatfaiiB as for other 
puEille hulldin^ of the L'niitsl f^tatea. Eiiit Ihc contract for mEiI EitilMED^Sr In- 
rludinc ttjc |ireptinitlnn of ground Ehendor and the appraacbni tbersto. and the 
lotertor and estertor decorative wlrtog and UgUtitii; thereof slmll tiot e*Ei 4 d 
the sum of two hnndred and flfty ibounoud dolEars. a-htch »tim, nr so much 
tEicnmr as may be noccssiry. 1 b hereby ajiproiirlaicd out of auy money la tEic 
TreoHuty not othcn^ lsc aiiproprlntoih Tim ^rotaty of the Tivaatiiy la uutbor* 
Ueil nnil reiiulred to dispose of said biiliaiiigs. or tiie materlitla pomponlnff the 
same, at the claw of the cxiueLikin, idvloff prcfcreoiru to litc State of WaidtEng- 
t<iii or to the ATaskn-Yukon IVeldc lihcjKisItloii cnrponillan or to thn rlty of 
S.>u|tEe to piipehnw? the auuie ut an Q|ttimE!icd value to be naccrtillDoa In nucli 
manticr as the Secretary of the Treiuuuiy may detcrmloo, 

•****#. 

Sec. 17. That the rnilod States sbal] wot he liable On aecotlnt of mid dkj»bI. 
tJou for pny cxpeiiseti lofldent to or gmwiwit out of the some, escept for the eoa- 
atfuctlou of the hulldlait or hulldlngs horclnhcfore aiitborleed ami for the pur- 
{WBo of [mylDS the exiwo.^e tncldent to the selectloti. prepatattoo. puTchna,. 
JiiMtalhittoiu transiiortattmi. ciiro. cuBtody, and «ife return of the exIjIbUa mnde 
Iry the Cirt-eniuufni and for the emitloyment of proper penmim an ouicers ami 
oMlstutits by the Rovenimsut IsMinl ermted by tliEa act, and for other expenmja. 
and for Ibe mnintenaneo of sold building or hulldtnjpt ami other Mralliiseiit 
espcioica to be nijppovcd by the chairman of the govcmibent hoaid. or in the 
ci«it of biB ahsciice or disability, by snob olllcer ub the bonnl luay dealiniato 
and the Secretary of the Truamiry, apm Itemized sceountn and Toucherfl. 

• • ■ * • . , 

Stec. 1». That nothJnit hi ibla act slmli he conatrueil ao aa to create any iia- 
blllty ujion the part of the United statfla. dtnJctly or ludireetly. fttr tiny delit nr 
obligation iDcnrrcd or for nay claim for all or pecuniary aseMaucc from Unn* 
ercMi or tlicTn-mtiijy of the UoUetl Stat« lu support or IliuldatlOD of nuy debts 
or ohllgaUomi created by said Cnited siatea tjoverament imord to oxcowt of 
approMriulloaa herelu mjiili;. 

(Sundry clv-ll act, ajiprovcd .May 27, 1008 1 Statuteo, XdCXV, SaS^JOl.y 
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E^aSAt tV]tY0, 

II ciqarff'4 6 f ninJ //otrsr of ErprcKniathcs of the Uaifrd ^laK’i 

of Amcrict^ fpi {^lot^gr^EE aenembled, Tbnt iLe PivstdE^nt l>[>, uml 3id la hcrcb}:, 
autliorfxHl to a<?c&iJt the luvlIntloD oAteadM by the Isap^^rlnl c.Sfivfiirti- 

mpiit to XhL^ Ciovomiumit of the United Stnteii to iwrtldjinte In the Grcnt Xa- 
tlonnl to bv botd In 'tOk^^o, Jnitanp froio Aiirll flmt toOctobortlilrti'- 

nrHi, iiiQutiK!ti baodred nud t^T^lvc, Id acceptlEji: raid InvLtatloii It \m lioroby 
dec^Utred to be tbe jEuriiowe of ilio Govemmecti of ilio UiiUi'd Staton to rartld- 
twite fn mid JnpauGito XatLonjil ExTtcaltloti tij efoelEo^ (iuttuble bnlldlliFP^ uiid 
□mklDK an otipronrlafe oiliJbIt of nrtA LiiiJuHti-lieA, luatiUfuctttm^p and inmlnots 
of tlao Hcil liud miiiGs and aa far isa |imclicaible of tbe fnDctionn of tbo Genoni] 
Govemmoiit of Uio United Stated and an exliiblt of anch other artleloH an the 
of ttic UiiltLiI Etatea may direct r Pravid^d^ That aneh purtlelt^tloa^ 
btltldln^ exhibits, and all expoasos lYnmected thoicwlili^ |ii{-]ik1I}ik unlarleHp 
olerk'ol, nDEl other sorvlccs and tmtiOlKirtatloti of tvr^na ntid uxhlh!t» nba(l 
hof exceed one ml Ilian fire hundred tUotuuind dollnrp. 

Skc. 1L That the lYi>{sldetit he, and he la hereby, aathorlz^Hl^ |sy anil tilth ihn 
Itdrlee atisl consent af the Senate^ to ap|>DlDt thrive eDnjaila:$lDnHi^r»-l^t*aL*taI iiho 
shnll, tinder the direction of tho Sicrotary of State, take such ntetwi ua aro 
niH-praiarj' to aseertuLa the ip-aerul t^hm itml fw-oiN? of ihc wid Xatlonal KsjifiM- 
tloaH the chorac'torH sixe, oad cf>Nt of llio hiiEIdhiio} to be crceiiKl by the United 
States, and the extent Eunt cluimeter of tbe exhibit autborlxed hereunder that 
would hcj't ivtve tJic Intcneatt^ of the United Slatea and Its dEizena, ansi woiitd be 
Lest nElLijftixl to Illgidnite tlie i^rtiwtli and derdofmarnt of the countiy oad thi? 
character of our iicople. That then.>afLur, niul as bochi as praetlrahle^ oald 
tult^loxiera aliall rc|>ort fully to the Ffcsldeiit and to Con^rcfta the rcaalt of 
Eueb Investlinitlou, tc^lhtT wUb their nvommendatlons and the mlioated eaat 
of Hfttil [oirElchpatloii In mJst eximfiltlon, within the foresolnj? fliitharlzatinii; and 
It shall also Im* tla? duly of the eommiu&loaers^gcDerul io rotiorl to the PresU 
dent for mmiftiilii^loii to <TDni:rcs3 at the bcgLanliig of e;tcb resrular sc^Eaii n 
cletalled atnlement of all cx^K'Qjltiifii->s IneUmxl hereunder. Tliut one of raid 
coDimlsflloners^fP^^aeral iduiH receive ns cunipcnaitloa for bis oLu-vleefi the aiiai of 
elyht tliotiraud ilullaE-;^ |ier anDnia; that the other two coinlnbadoiien^nenenil 
«hnl! receive aa cOmiienraLiuii for their services ffom and after Jnnnnry first* 
nineteen hundred und two thotirand dolhira per anniun for tlio flrst year 
and five thotimad dotlarN per annum thereafter, toeather wHti tho actutil trav¬ 
eling cxiH^utcf^ of nil of raid eammLesIcuera-gcDerikh Including nleeptn^'Caf 
BSt^rvice and a L>cr iLeui la lieu of imhsisttmce of five dollars whoa uehmUy 
travellaj? la the dfscbati^> of Ibdt dulTea ns siild eouimlraloaers-j^oaerah That 
the iTi^sIdoiit Mlmll alBo tiii!|H»lnt □ jsecrctary at a coniiKnaallon of five thou.saad 
doILiirH per nniitiai, together wish hla aettml travedtig expe^sos, Inclndlnx; 
slec^tilnxT-car service and a iier diem tn lien of ErablrtsttTicc of five dullani when 
acbially tnivdln^ la the xllKclmrBe of LJb duties os such socretary, who ahall 
act Jis dlshuroln^ ngt^t and who ahull perforui such dntlea as may be 
to him from time to time by tbe eDiuMlsslotierivKruerali iiad who stuiU render 
hla ucE^ounta at least quarterly to the luxupef aceoiintlng oEneem of the Ttcasury 
of the United States, and shah itlve bond la such siua us the SocfOlary of the 
Treusury may require* And the said ciunmleeJonerfrKoaofah ^lubM't to the 
npprcaat of tho Seervlary of State, shall oij^iolnt from time to time such clerlenl 
uad olh^^r aHSlMlaiita as may lie aLxxwlOTy and ns may bereofter be appropriated 
for tu coumx-tlon with Ehu preparattan of the [don and other ncccwary iiervicea 
aa may he rviiulrcd la connectlou with the partleljialLou Lerohi authorlaeti 
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Skj. 3. Tlieit Upon (bu n<gtMwt uf ilii' of ^lufc lilt' ittN'retiiry nf Wftr 

Is lioroby utillicirlartl to fiimfU'ti free tmiiHiioriaikiit iin pjt'ettvnieiit trjinjijioriR 
from Knn fViinelBro to Joimn and retnrn of jill itovcriwueut i‘xlilb]tsi attil fur 
flucb offleiulR or caipToyeM coDnceted o lih tbo cotnmlBslou or lu cbnrtp> of any 
or nil guvemmGnt aslilbltn. 

Sec. 4. TlMil tbo mm of fifty tboiwinid dotlaw br berd.y approijrinted. ont of 
any bioni‘y la tbo Trenstiry not oiberwliw ap|>roprbiti<d. for tlitr tmrjxtBi; of jjiiy- 
bip ibn r<ulflrli!9 and »1) other esrii-atH>i<i herein jiiitliorJsed and tnourrea in iiMWr- 
talnltiR the genenil plan of «aEiI Xatloniil Kxpoaltlan nnd tbe iireiMiration mid 
retwrt tu Coiijtreiifl of tbo plnn ami extent of onr pro|wnet1 port lei pat tun therein 
nnd tlie wtluuito of the nmonut neci^mry to meet Iho exiicnAe Ibi-riKif during 
Ibi- flntnl year nltietm>n hnndreil atid ten, to ho ImtiMNllutoIy ttA-albiblo 
tAipprennl, iirty te*. Stutules. XXXV, 183,) 


RTATluMKaT 0!:' TltAVfiL OS nr?ItlAL 

Rr^, 4. It shall Ikj ih>> deity of the limil of «ieb exeemhe derwrlmwit nnd 
other (!ovemin«it ■mlnhlhdmieut at WashltiRton to mihmlt to Cont^res« iit ibe U- 
(timilm; of each refpdar Hesaloti a rtateiiieht ^lh(P^vltlp in detail vrhut oiflrere nr 
omployees (other tiuia speclnl aueiitK inepectorB, or eiuployeess. who in the dte- 
clwrije of their r^ihir autlM are p«iulr«i to eotmiuntly intiel) of mth eiecm 
lire dciMirtiuftht or other Bon'mnient miatillBluaent hate traveled on olDcia] 
biiBlDefls fniai Wnahlnyton to polatn ouiHiiie of the Dlflirlct of Coltimhln diirlai: 
the precedlnt; flecal jenr. sivln^: in eoeh nnsetbe full title of tlw* utllelnl or i■Ill- 
ployw, thi‘ it<>otlmitlou or ilewtlnnlloiia of meb tnivd, ihe bimriiesH or work on 
necount nf «’blcb tbi* eaine wm uimle, and ihi- lutiiT i‘speniw if> the mi ted states 
fbnrKed In each ease, (.XpiirovwJ- May 22, lOuS; Sfutiilm XXXV. 241.) 

AutmmxQ AtT nELATjKn TO rmLte raiKTixn as© itiNtii:fo. 


ffcitofrcd hjf (fte Sewnte mid f/oii^e of /feprrerwrarfrr* of thr Uniwa Btaict tif 
dmrHee to l onarr^a a**fmMed, Tbnt publlcntlmw ordehMl prlotoil by (Vmirreim 
or either nni«« thereof, shnll lie In four aerlw, namely: One wrles of r,™m 
nindu by the cummlttc^s of the Siaiiite. to be knomi ns Smate reporia- one 
nertea of rej^rts made hy the romnditees of the noiun; of Hepre«t-iitfttlv^ to 
l>e hmiwn ns House reports; one serlen of doctiments other Ihnn mKirts of cum- 
mlituea, Ihe ordere for printing wLteb orljjlmne lu tbt* fkimte, to be imoH-n «« 
S^me documents, nnd one aerlus of dixmments atlier than committee rei»rts 
the orders for prlutbik ivliieb orlitltmie lu Ihe Ib*uim -if tteprt^utati™ to 
kiimyu ns Houso documents. The puhlbutlons In earn serlea shnll tie eon- 

Kcutlvmy numbered, the anmU-re In meb wrles contlimlnit ... 

MUucuL-u ihroiigliotit the entire lemi of a CoupTcss, but the forcBoink prevlHlnn-* 
Ktind not npply to the deeiimunts prliiieil Mr ihe m^e of the Senate In evft nMie 
ne«doni PrMd, TInit of the “usmii numbfr." the copies which nrelniendtsJ 
for dhrtrihtitlon to state oml terrltorlnl lihrarles nnd other destjmat.^l dot««l 
tones of nil anniml or .erlul [luhllcallons orlKiuatlnp m w pmeireil bv nii 
exA^:ullvo department bun-mi. odk^ imm,nl«.lon. or bonm sJinll not be m„«, 
bered In ibn document or report scries of cither Iloune of ConeretBs, but sImM 
be J^ltmaied W nud bound ns beretmiftor prenoml, nnd tbo dopurtmeiit i 
<illtlun. If miy, shall be prluM concurrimtiy with the -usmil niimbw " iilit 
prorW.d fumrr, Tbnt biMirtnmi .,f cummlltiKoi nmy tm prJnieti as eon™n„li 
docnnicuts only when apeclflcaUy ordered by Cunifremi or either HuntS^lS 
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Skc; SL Tlmt hi bLiuHii^ uf eciDgrewilotiDi tloL'iizDiiQlB and reiiartH far 
dMributInij by tba vuikerLntandfTnt of doqiuueatB to iitiitn and tf^rrltorlal llbrn- 
rlu4 mid dtlior dt^l^mtoil di^pafllturKi?fl, every pulilktitluu uf auUkiLiMit. on 
nny ijne ndbjoet shiUI bercaftor b* bmmd nepHRUcly mil receive Uio title mj;- 
ipeeated by tbe subject of tbe TOlnme, and tbe otlicra fiball be distributed lii 
nubonnd form da soon as printed. Tbe Pnbllr Printer eIulU supply the aupoT' 
iatonilout of doemneDts snlllcLcnt copies at tlioso pubUcAUems dtstrlbulod In 
tinbomnJ fornix to be bound and dlitribuiod to tbo state nnd t«a:rlt<iriaS llbrArloa 
mid ntbor destgonud doposllorlen for ibelr pemnineiil flhi*. The IHirxiry editloii, 
an welt an nil otlier L^^und aoU of conateBsIaiuil nnasbercil docnmoiilB and 
rofiorbi, ntaill bo arrnii}$ed In ■yoltitaos and bound In tlio manner lUrectcd by 
tbe Joint Committee on FrJntlnl^. 

Sen. tU Tbat fteetlan two at an net to mneiid an acM; pravtdLni? for tbe piiblle 
]jrlntlii^ and binding, ninl bo fortli, approvod Mnrdi Ursb nineteen hundred 
and Bi-vinw U Imreby rej^aleit 

(Approved Jtimiary ttSp UK>S; Stututea, XXXV, 
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ADVKKTfSEMENT. 


TIic object of the GesrBjU* Appendix to the Anniiftl Rcfiori of the 
Smiilii^mian Institution is to furnish brief accounts t»f scieiitific dis- 
cDvei'y in paiticulur directions^ reports of investigntions mode by 
collaltorators of the Instittitlon; and menioirB of a fi^ncral cliaimclcr 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has l>een n prominent object of the Board of Begents of the 
Smithsonian Institution, from a vciy early date, to enrich the annual 
report rwjuired of them by law vrith memoirs illustrating the more 
reiuarkable and important developments in physical and biological 
discovery, as well as sho'wing the gcticml clmi'acter of the operations 
of the Institution; and this piiriMJse has, during the greater part of 
its history, Iteen carried out largely by tiw publication of such papers 
ns would possess on interest to all atlractetl by scientific progress. 

In 1880 tlic eeci’ctary, indneed in part by the diseonlinunnce of an 
annual surnmaiy of progress which for Ihirty years previous hod been 
issuetl by well-known private publishing Rrma, had prepared by com¬ 
petent collalKirators a seri^ of abstracts, showing concisely tlie protn- 
inent features of recent scientilic progress in aBtrenomy, geology, 
meteorology, physics, chemistry, mineralogy, liotauy, Koohigy, and 
anthropology, Tliis latter plan was continued, though not allogtithcr 
satisfactorily, down to and including tlie year 1S8S. 

In the report for 188D a return was made to the earlier method of 
presenting a miscellaneous selection of pa]Tetti (some of them original) 
embracing a considei^ble range of scientific investigation and discus¬ 
sion. Thia method has bceu cmijiinued bi the present rciMirt for 1U08. 

Its 





TIIE PREBENT BTATUS OF MILITAKY AEKOXAITTlCa^ 

fWItli 2S ^1nti^a.] 


By 

Jfaiorp ^ffTniaf CvrpK, V. Antw, 


II is fl mfiiter of first Significuncf- iliat Tho Amcrirflu Society of 
Mechflniwil Engineers, eotnposed of n body of bigbly trained and 
^orioiis-minded mcu^ slioiild bo eonsidormg in ntinuiil fneeting 
L>le(] the subject of aerial navigation. Five years ago such a aiiliject 
could Bcarcel^^ have had a place on the list of profc^^aiciruil papers 
on your pmgrnnimc. The present period vrill ever be iiiemoml>le in 
tile history of the world for the first public demoust rat ions of the 
practicability of mechanical flights In faett at the present moment 
a iTsiifllcss wave of enthusiasm and endeavor, sweeping away every 
prejudice, is pas^sing over tho entire civilUtccl worlds filing the atten¬ 
tion of all classes upon tlie problem of flight. Franec^ Germany, 
and England are in a state of frenzied interest in tJiis subject, and 
each pcriotl of a single [oonlli sees some ne%v step actxiinplighed in the 
mni'ch of progi^'ss. Tlie univer^ial higliway ia at last, to be made 
avid [able for the uses of truinkiJid, with its consequent influents upon 
our modes of life and tlioiighl. * • * 

There are two general classes of vehicles of the air, (a) those which 
depend for their support upon the buoyancy of some gas lighter thiiii 
air, and (A) those which depend for such supptirt upon the dynantic 
reaction of tlm air itself. These classes are designated— 

(a) LightcrdJian-air tj'pes; Free balloons, dirigible balloons or 
airsliip?^ 

(b) Henvicr-than-air types: Acroptanes. orthoplcrs, helicopters,etc. 
It shoiihl be remarked, however, tliat these two genera! classes 

exhibit a gmwing tendency in overlap each other. For example, the 
latest dirigible balloons are partly operated by means of aeroplane 

-SeprtntctJ Uy [lemtFsloD (rtbrlilpetl by autbar) fraui tlie Journal of Tbe 
AmcPlcaii t?if>eEDty or Mcchaak’iil Etigitje^rK, Xew' Vork. Um, fip* 35T1-1B12, 

* Presented at tbe New Torfc n^Heetioa (December, ltW«> of The Amerlcjm 
Society of ^[ecbniilefl.1 
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118 AJTKUAL REPORT SMITHSONIAN INSTTTOTIOM'j IBOS, 

surfaces, and nre niso often balaiictjd so ns tn \k slightly heavier tlmn 
the air m whirh (liey move, wnploying the proiJelJer (hr^ist and rudder 
surfacrA to control the altitude, 

■ T, ARtaWTATlOK. 

IJiilJ^ns, witii the necessary opparainf; and devices 

thd ‘^niiidered iin cssen- 

ThJ ? ^ «^t«Wishmont of evety^ liM-dass power. 

in tiic siege of Pnrjs, „nd wore often 

Ic^tsirr construction and open^tion of 

8erost.its are too well uiidcn^tood to need f,irtJ,er attention here. 

Sl;fX'E9.<IFUl- MI1.IT.\RY InillUllll.E VtAIJAlOSS. 

J^rtincc, 

fleTThl* dirigible bnllooasliave boon used in the FrencJi army- 
titri, ihe I jitne, mid, tlie V'^illo do Paris, 

LH'nl’H'i'.r* '"P"®-- “MovmI I.V iho 

wA m^.7T' *" '"“‘'"5' "f 

nora beginning in 181)0 « fully g,ven in Cotniufitc de TAir. 

The pATBit 

■nil' Pmrio. II.. thirJ rrf it» l.i-p,, s„, , 

l»gof 11,0eon b»ll«,o o,sbuilt hy S,iTcmZ niLloiito™ P.ri“ 
nu- mcchatiieal port was built nt the fjehaud^^ «.!• 

Mou«,n n...r l■,.ruH iiiidrr Iho iliroolioi, „f u„Lr 

of Tf»!“o ■, ’r o'""*“■ “ iiioii oirr 

of feet n inches, Hitiifitfld ahot*t iwo.fifths of tlir^ 4 i 

This rebition, logetber ivith the dmir shaoe ic in 'i ^inmcurB. 

The first Uhaudy ttps pointed at the roar wliif.l, 
admitliKl to be the proiwr shape for the least rc^stani butlTr^* ^ 
tarn stability it was found ncMasarv to put a liori/onri 

plane there, so that it had to lie made an dlipgoid of rvvll 
attachment for these planes. ^ ^ njvolution to give 

The bnllonet for air had a capacitv of <30 o-ia „„k- j x 
one-fifth of the total volume. This^ calcuiaSl to 1 ; 

a height of about I mile and to be able to return tf '^ching 

ing the gas hag always rigid. To descend from 
gas would lie released by the valve, then air pumped into thrLll"" ? 
to keep the gas bag rigid, these Uo operations hd^ curric^J im 


Sm^rhidHMin 
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tiiiloly. On rvncliint' the frmiincl from thv Ijoiglii of 1 mile tJu- uir 
Ia‘ nt ilie mitliUe of the lower peii of tlie ga .5 ba|f and would 
not entirely fill the billoneh To prevent the jiir from rolling from 
nne end to flie otbei- when the airship pitches, tlitjs prmludng insta¬ 
bility. the ha lionet was divided into three com part meuts by im per¬ 
meable cloth partitionsv Numerous small hole* wens pierced' in. these 
IMjititiuiis through which the air iinaUy readied the two end com¬ 
partments. 

Ill rteptendicr, 1907, the Patrie was enlarged by 17,060 cubic feet 
by the addition of a cyliiidrical section at the maximum diameter, in- 
eteoJiing I he length but not the maxiimim diameter. 

The ga.H Irag is cut in panels; the iiiaterial is a nihljcr doth made 
by the Continental Tire Company at Hmmver, tieriimny. It consists 
of four layers, arrangcfl os follows: 



Outer Ijiyer of collau doth coiensl wlih ItuO chreiiintr. 

Ui^-iT of ruluiulih‘{l riiMK‘1-... 

Ijij'tT of uhjUuU ci?itJl^-____ 

I n PitT I tiyvr mf mlcaii IziiI rubber. _ _ __^ ^ ___ 


Totiil 


A strip of this doth 1 fool wide tears at a teiLsion of about 1)34 
pounds. A pre^ure of alsjut one inch of water cun I* mamtatned in 
the gns flag wilhuiit danger. The lead cLromutc on the oittside Li to 
prevent the entrant of the actinic rays of tlio sun, which would camje 
llie nihlwr to deteriorate. The liea^^y layer of nd^ber is to prevent the 
leuking of the gns. Tlie imier layer of rtibbor is nierdv to prevt'nt 
deterioration of the dolJi by impurities in the gas. This material has 
the warp of the two hiycrs of eolton cloth running in the same direc¬ 
tion und is called straight, thread. Tiie material in the Imllonet 
weighs only aljont *3 ouncea per square yard, and has a strength of 
about im pounds per running foot. IVlien the Potric was enlarged, 
in Septemla<r, 1907, the spedfientions for the matcriBi alluweil a inaxi- 
nium weight of 10 ounce,? per square yard, a mininiuni strength of 
907 pounds jH?r running foot, and a loss of 6,1 cubic inches of hvdro- 
gen per square yard in twenty-four hoiire at a presMure of t.lS inches 
of water Hands of cloth are pasted over the seams inside and out 
with a solution of ruhlier to prevent IcakinL^ tliroiiirh Ihe 
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^ewetj dir^flly on iiie gas liag. The metnl frmiie. nr phuforin. Is 
lilt Ached to tlUfi net by of togglcsu ho that it CAii quickly 

rtsmovcd in distuoiinting the airship for transportatioii. The frsiriiti 
cau ulw l>c taken Apart. Twenty-eight steel cable^^ about inch 
in tliameter run from the frAiiie down to tlie ear, And sm? fli rangcrfl m 
trIaugJes. Due to the impossibility of tie forming n trianglei rigidity 
is maintAined between the car and gas bag. 

The objection to the short ■' suapensioii of the Patrie is the deform 
malion of the gas bag. A distinct curve can lie seen in ilie muldle. 

Cfir,—Tlic car is made of nickel steel tubes (Isi per cent nickel) ^ 
ITiit metal gives the greatest strength for minimum weight. The 
car is lioat-shapedy about 16 feet long, nhoiit 5 feet wide, mid feet 
high. Alxnit 11 feet separate the car from the gasbag. l"o preveiil 
any diaiice of Ihe lire from tlie ctiigine comniunicating with the lii^dro- 
gen, the steel framework under the gas bag is covered with a mui- 
cuadjLislible material. 

The pilot stands tu the front of the car. the engine is in ihe michlle, 
the engineer at the rear. PrtJvision b marie fur rrmuiiting a Iclcpho- 
tograpliic»pparFrtUH,and fora lOO-caiidiepower acetylene si'arrhliglil. 
A iflrtaig pATuniidal .structure of steel is htillL under tlie t-*ar* i>r}inling 
doiivnwaixl. In landing, the pokil conie.s to the ground tir^t and tlds 
prtutccttj the cari and especially the proj^ellers, from being damagt^d. 
TJio car is eovercKl to reduce air resistance. It b m low, however, 
that part of the equipment and most of the Imiliesof those inside are 
80 llint the lottil resistance of the car is large, 

—Tlie first I.#ebaudy had ii 40 liorscpovvcr Daiuiler-Mercedes 
lHjU 2 me motor. The Patrie was ilriveu by a tSO to TO horsepowciv 
4-cyJiinler Panlmrd and Levassor beiUEine motor, making 1,000 revo¬ 
lutions per nunute. 

Propt'Ihrif .—^There are two steel propellers 81 feet in diameter 
(two blmle^ eacli) placed at each side of tJie engine, thus giinng tho 
shortest and iiuiist eix>nomicii] trnnsitiissiun. To avoid any tendency 
to twist the car, the propellers turn in opposite dir^^Hiuns. They are 
'"high speed,^ making 1,000 to l^CNl revolntiotLS jH*r minute. 

The gasoline lank is placed under ihe cur inside tho pyramidal 
flume. The gasoline is forced np to (he motor hy air compression. 
The csJiiiust is under the I'nar of the t^ar. pointing iJow'u, and iscoveml 
with a metal gau^ to prevent llames coming out. The fan wdiiidi 
drives the air into the ballonct is nin by ihe motor, but a dynamn is 
ubo provided so that the fan can abvays l>e kept nmning even if the 
motor Tlib Is very essential, as the pressure must Ikj- main- 

hdned inside tho gas bugsolliat the latter will romaiii rigid and keep 
its form. There are five vaJvts in all, inirt automatic and port I Kith 
aiitoniatie and uLw con trolled fi^oni the car with cords. The valves in 
the hallonet open autuiuaticaily at less pro?>sur^ than the gas valves. 
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iw> tliiU wlioii tilt; jpis oxpiiiirb nil tlifl air is driven «ut tlio l^allunvt 
|]<*for<! there? L> nny losii of gns. The bnllonet viilvw open ut a pres- 
snn? of nlKMit 0.78 inch of water, the gaa valves at about 2 indicts 

*9#rt/*#ViVy^Vertieal stability is mnintained by means of fixed 
liorl/Atitiil planes. One be ring a surface of 1J>0 square feet ia attadied 
al the rear of the gas hag, and due to its distance from the center of 
gravity is very efficient. The elliptical frame attached under the gns 
bag has an area of 1,055 square feet, but due to its proximity to the 
cetiler of gravity has little effect on the stubility. Just bt^hiud the 
elliptical frame is an arrangement similar to the fenthcring on an 
arrow. It consists of a horhcontal plane of ISO square feet and a 
vertical plane of 1)8 square feet, To maintain liorisnntnl stability, 
that is, to emtble tJic airehip to move forward in a straight line witb- 
fiul veering to the rides, vertical planes art* used. One rnns from 
(he center to the rear of the elliptical frame and has an area of 108 
square feet. 

fn addition to the vertkal surface of 113 square feet at the rear of 
die cUiptk-ul frame, there is a fi.xed plane of 150 oqnare feet at the 
rear of the gas bug. To fasten the two periwiidicukr planes ul the 
rear of the pts bag, ehith Ihips are sew^ dii-edly on the gna !>ag. 
Nickel'Steel tubes are placed in the tlnps whidi are theti laced uvtT 
the tubes, iVitli thtrsc ttilKS ns n base a light tube and wire franiC' 
work k aCinehetl and waterproof doth laced an this framework. 
Additional brecea run frtjin one surface to the other and from each 
aiirfac(‘ to the gas hag, Tho rudder is at the rear under tlie gas hag. 
It Jias nljout lob square feel und is balanced. 

A movable horixontal plane near tho center of gmvity, above the 
car, is used to produce rising or descending motion, or lo prevent an 
involuntary rUiiig or fulling of the airehip due to ex[)unsion or con* 
traction of the gas or to other causes. After tlie adoption of thk 
niovubJe horizontal plane the loss of gas and ballast- was mlutaid to a 
niininniiu. Ballast Ls carried in 10 and 30 pound sand bags. A pipe 
runs llirough the Imttoni of the car from which the ludlast is thrown. 

'I'hero are two long guide tojush, one attaclicd at the front of the 
elliptk-iil frame ami the other on the car. On landing, the one in 
. front k seized first, so as to hold the ulr&bip witli the head to the wund. 
The motor may then Iw stopped and the descent made by pulling 
• lowii on both guide ropes. A heav}- rope, 22 feet Jong, weighing 110 
pemnds, Ls attached on the end of « i(J4-foot guide rope. This can be 
droppe<l^oiit on landing to prevent coining to tlu* ground (oo rapidly. 
The itpiipmont of the tair inclinics a ‘"siren,’* sjx->al(ing tnnnpt't. car¬ 
rier pigeons, iron pins and a rojjc for anchoring the airship, reserv'C 
supply of fuel and water, and fire extinguisher. 

After Iwing enlarged in September. 1007. the Patric made u imin- 
her of long trips at »n altitude of ‘2,500 to 3,000 feet. In November, 
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1907* sho wont from Paris to Vonltm, noiir the Oernmn fniiitiei'i n 
Jisstanco of uUjhiii 175 iJiih!5^ iti about sevon honr^ carrying four per¬ 
sons. This tri^j wajs made in a light wiiiJ blowing from the north¬ 
east. Ilor <fOurse wns ojist. so that llie wind was* tinfavoriiblo* On 
Fritlaijs NDvofiibcr 29, liK)Tj during a fligtit uenr Vonlut^ tlie motor 
sto[)[>ef1 due to dlffieulti' with the carburetor. The airslup drifled 
with die wind to a rilkgo about iO miles away, whm* she was aafely 
landed. Tlio carburetor was repaired on the SOtlu Soon after, ii 
strong wind CTiiiie up and tore loose some of the iron pickets with 
which it was anchored. Tliis allowed the air ship to swing broadside; 
to the wind; it tlicn tilted over on the fiido far enough to let some of 
the laillfl.si twigs fiiU out. The 150 or 200 sohliers w'ho wore holding 
the ropes were pulled along the gre^und until directed by the oHi^-er 
ill rhiirfp' to let gn. After being released, it roFC and was carried by 
the wind across the tiortli of Fninee, the EiigliKli ChanneL inid into 
the tiorlli of Ireland. It struck Uio earth there, breaking oil one of 
the proiMnllers ami tlieii drifted out to sea. 

Tire RETrnLiqun, 

This is the \tiicsi of the French military dirigible lialloonSf ami 
cUiTershut slight!y from its prcdecc^wnr, the Palrie, The volume has 
lioeu increased tiy about 2,000 cubic feet. The length lias been n^- 
duccfl to 200 feet and tlie maximurn diameter increased to 35 i feet^ 
Tlie shLi|ie nf ihe gas Img accciiitits for tho 2,tX)0 additional cubic fret 
of volume. The motor and propellers are as in the I\ilrie. Tlie 
total lifting caparity hs 0,000 pounds^ tjf which SJOO [>ounds are 
livjiilaljle for pasi^ngerH, fuel, Iwilla^t. inirtrumonts. etc. Its best piT- 
foruiance was a 125-riiile flight made in six and one-half hoiirn agjiiisi 
IIti imfavmidde wind. 

nic tnaterial for tlie gas bitg «f the new oirahip was fiirinshed 
by the Continental Tire Company. Il is made up a>i fnllow^s: 

Wflulit. 

1 ifT m\mi rt jmnl. 


Oilier Lotioii l4i^XT. ____ __ a. 25 

Lai^tr of Tiilciinb&i^t niiilN-T . _ „_ 3,«5 

Llijri-r eif riot a . .- -^ 25 

Inner byer of rtifcawr, - _ ___ , 

'frjtiO wcIkUi - --—_ 1R4S 


It is Interpslitiff to nolo the dmiigies which I Ills typo Ims im([of- 
pono Siiito the oiw was built. The .Imiin-, onii.«trticti><l iu 1902-3. 
WHS pointotl at thf roar and had no stabtlily piano tlion^; hitor it was 
rtiiiiiihit] otT Hi the n'iir ninl a fisod hofiiKjntiil pteiio ottsielush 
I’itiiilly a fw^d veriicul j>lnno was luidoil. The jjuh hiipA Ihvii 
incroain'i] in eftpacily from 80.0TO cubic f«>l to alt^nU Ktuooo ,-,ib|p 
feet. Tho ni!inufttCtimTr= Imvo boon nhk- tu iitci-easc the slroiigth of 
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tlio niLUcriitl ^^h\vil tlie gas bug is witboJlt ntiiterisilly in- 

cmisiiig ihi- weight. Tht^ riidder \ms been iilteml somowbiit in form. 
It wsis pivoted on its fixjnl edgo. but lutrr un u vertical a^i?^ 
Komnwhsit tn (he of thi^ edge. ’W^'itli tlie increase in size has 
nuije [in !iieii?jtse in carrying csipneity, simi coiii^|iiently u grcsiter 
siMurd itnd more widely cslcndeil lidd of sidiim. 

VnxE PE T'Ania. 

This oii^hip wsis rnni^l nut eel fs^r Jlr. Dent-'^ch hi Meiirthc, of 
Piiris* whohui^ duiic a great deal to encourage nefinl iifivigntion. The 
(Ir^ Vi lie de I^siris was built in 1SW>J, on plana drawn by Tutitu a 
French aeronautical cnglnecir* It was not a success. Its siiccessor 
was built in IWff. on plans of Surcouk an aeronautical engineer 
arid ballnoi] hiiildcr. Tlie giis hsig was hiiilt iit IiLh wmrkis in Siillan- 
coiirt^ l]jo Jllre]lElni^-tll part at the 1*^013111 shop» also in l^illaiu'onrt. 
The plana ore linaed on those of Colonel ttenartrs airship. Liie Kmru'eT 
built ill 1&H4, ami the Ville de Paris reaenibles the older airship in 
many partieid a r^ In Sep lend ler, inoT^ Deubch offenHl Uic le^e 
{if Ilia airship to tlie Freneli Cioveniment, Hie offer ivas uereptedT 
hot delivery was not to I# made except in cai5e of war or emergeney. 
When the Patrie was life^t in NovendHT. HK)7, the militai-y aiithoritiea 
iniinedialely tcMjk over the Deutscti airship. 

frtii —The go!^ img is 200 feet long for a Tnaximiim diameter 

of "Mi feet, giving a length of about tj diameters, m in Llie France 
IIml the l*atrle; volume, 112-R47 esiluc feet; maximum diameter at 
ulHsiit three-eiglith5i of the distance from the front, approximately, 
OK in the Piitrie- The middle cyliiulrieal, wutli conical 

sections in front and rear. At the extreme rear te a cylindrical sec¬ 
tion witU eight smaller cylinders uttachetl to it. The l>ulinnet has 
a volume of 21,102 cubic feet, or atx>nt one-fifth of ilie wiiole volume, 

I he same prfiportion found in the Patrie, The l>a lionet ia dividi'^l 
into three ('ompartments from front to reari The division walls 
are of pcmicubJe cloth, and are faK-tencfl to the l>i>tti;>m, so that 
when the middle compariment fills with iiir and the ballonct rise^ 
the division widls are liftcil np from the bottom of the gas Img 
and there is free communication between the three comiMirtments. 
The gas liag h made np of a Berios of strips fierpinuJicular to a 
mendinii line. Thes^ strips run sromid the bag, their cuds nuxytiog 
on the under meridian* Thk is know n as the hracliLsttidc " loetlitH] 
of riiiling out the miiteriab and has the nd\"wntago of bringing the 
seams parallel to the line of gnnitest tension. They are, tlirrefnre, 
more* likely to remain tight and not allow the escape of gas. Tlie 
disailvaritagi* lies in the foot that diere b u ki«s of fjer cent of 
material in ciiHing. The loateriul was fiirnkhed by the Continental. 
I’irt' Couipiiny, and has approxtniuiely the same tensile strengih anil 
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iiV<‘ight jis lUot iiHcd in tin? Pntri*. II flifftTs from tlio otlicr m ono 
imimrtinil fi'iitiirtf—it k dingninil-thn'rta: tlmt Is llic wjirp of tim 
onler Uiyer of t^ottuii clotli miikes nn onglt' of 45* witli tlm Trarp of 
tlie inuer isiyor of cotton cJotk nie resuh h lo localiwi si rip oi* 
tear in the motoriaL A tcsir in the struighl'lhrend niuterisil will 
continue along the warp, or the weave, until jt roadies u scum. 

T'w/k^w-—T here arc fi\-e in ul], made of stwd, sibuul 14 indies in 
diameter—one on the top connected to tlic car by a tunl opcnitc^l 
by hand only; two near the rear undemoiit])- Theiie are autonmlii: 
but can 1)0 oporntid by hand from the car- Two lisillcaict valves 
ilirctilly iimler the middle are automatic niid sire also o[>ertites] from 
the car by hand. The hnUnnet valves open autoiiialirully nt a pres- 
stiri* of twchthirds of an inch of water; tlie gas valves ojicn at a higher 
pressure. 

SuKpraition .—This airship has the ‘'long” aiispcnsioi]: tliat is, 
the weight is distributisl along practically the entire Icnf^h of the 
gas bag. A doubled band of heavy canvas is sewn with six rows of 
stitches along the side of the gas bng. ITcmp ropes running into 
steel cables transmit most of the weight of the car to these two canvas 
bands iiiiJ tbiis to tlie gas bag, (Jn lioth sides atiil ladow these fii’st 
laiuds lire two more. Lines run from these to poiriis liiilf way l»c- 
tw«*B the gas Iwig and the car, then radiate frum these points to dif- 
fertuit points of attacliment on the car. This gives the triangular or 
iiondcformablc system of suspension, w hich is neocssan' in order to 
have the cur and gas bag rigidly attached to cadi other. With this 
‘‘ h*ng^” suspension, tlic Ville rle Paris docs not Iviive the dcfuriiialiun 
so noticeable In the paa btig of the Patric. 

for.—This hf in the form of a trestle- It is built of wimkI. with 
ahirninum joints and O.lQ.inch wdre tension tiicmlters. It ia H5 
fwt long, nearly " feet high at the middln, and a little over aj f*H-t 
wide at lh«> middle. It weighs fitiO pounds and js coiufidercd nn* 
necessarily largo and heavy. The engine nml engineer are ivcll to 
the front: the aeronaut with steering wlieehs is idsmt at the cvfitcr 
of gravity. 

Motor ,—^The motor is a Td to To horsepower " Argus,” nml js escep* 
tionalh' lanivy. 

Propf;ttcr.—T[ip propeller k placerl at the front end of the car. 
It tliiis has the advantage of working in iindisturbcd air; the disnd- 
%*antago is the long transmissioii and difficulty in attaching the pi-o- 
pcller rigidly. It ha.^ two blades and is 10.66 feet long with a pitch 
of 26.24 feet. The bhidea arc of owlar with a steel arm. Tlie pro* 
poller makes a maxinium of 250 turns per minute when the engine is 
making OOtl r<‘vohition& Its grent dtameter aaJ width compensate 
for its ismall speed. 
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SU(bUit^.—Thh 13 TiinintaiTiod entli^ely by the cylinders nt the tear. 
Countiiiff the iai'j^r nne Ui wliieh the ^tualler one^i are nltjiehecK 
there arc five* sirrsinged side by aide corresiwudin^ to the hori/.ontni 
plnncs of the Piitriei and five vertical ones comispondinff to the 
PutrieV vertical ploiies. The volume of llie sin all eylhiders is so 
nilnilntiHl thiit the ijns in them is jnst snfEdent to lift their wei^rht. 
so tlicy neiiher increase or decrease the a^'enaional force ui the wliole- 
'Flie hori/Aintal projection of th^ cylinders is 1.0Ti> r^q^inre Thi‘ 
center of lliLs projection is T2 feet from the center of gravity of the 
gas. The great objtK^tion to this method of dJlflinhig stoliility is 
the air resistance dne to thc^^c cylinderHj and eorLsefpicfit loss of sjiccd. 
The stability of tlio Villc dc Paris in a verticjil plane is said to be 
siiperior to tliat of the Patric, due to the fact that the staliilily planes 
of the latter do not always I'emain rigid. The independent vidoctty 
of the Villa do Paris probably never exceeded 2r> milcfi iin hour. 

—^The rudder haw n double stirface of 150 square feet 
plated at the i^ar end of tlie can 72 fivt from the center of gnivity- 
it is not liLiloTicetl^ but is inclined slightly to the rear so that iL^ 
w^eight w^onlil makt^ it poiiit directly to the rear if the steering gear 
shoiikl break* Two pairs of movable horizontal plati^ one at the 
rear of the car having square feet* ami one at the center of gnivily 
(as on the Patric) having square feet** serve to driv-e the airship 
up or down without bising gas or bidhi£^. 

Guide —A 400-foot guide ro|>e is attached at tlie front end 
of the car. A 2.%^foot guide rope is aitached to tlu5 car at the center 
of gravity. 

AlKHit thirty men are required to maneuver the Vilie de Paris on 
the ground. The pilot Inu^ three idcoring Avhed.s. one for the niddcr 
and two for the movable horizontnl planes. Tlie instruments nfied 
arc an aneroid birometcr, n regii^tering harumiUer giving height A up 
to l.tiOO feett and an onliimry dyoaninineter which can Ik* conucctcil 
either with the gtis bug or ballonct by turning a valve, A double 
cohiinn of w'ater is also connected to the tube to oct a.s » check on 
the dynamoiueler. Due to the vibitilion of the car caiiswl fay the 
motor^ these infftnimcuLn are snuspi^odoil by rubber attachments. 
Even with this* airangement it h nec^-Hsary to steady I lie anooiiil 
haronirtcr w'ith the hand in order to read it. The vibnitjon prevents 
the use of the iftatoscope. 

Enffbifid. 

^[[LITAXV UmitllHLK No, 1. 

The gas hag of this airship wa^i built alxnit five years ago by 
Colonel Templar* formerly in command of the aeromuiticiil estiiblidi- 
ment at Aklershot. Ills siiciK^wr, t'oloiii*l Capper^ built i\w me- 



ISO ANKtrAj^ BETOST SMTTHfSONlAK INSTITL’TION, 1008. 

dumk'iij piirt durinj- iho ^priiifj nnd siimmtN- of 11K)7, with I lie iissist- 
luii'e of ill-, S, F. t’cwly, n in«;|ianiciil ciuLrinwr. It was o|M'nil(tl 
bv Fobud C'lipi^r as jiiJm, with Mr. Fiji iy in of tin- 

Sevemi aset-nts were fiinHo iit Aiiiersbul* In ()eto!*pr, 1S07. ibcy 
mink' a trip from Aliiershol to LyOiitkm, a dlstatirc of iilHiiit Kl miles, 
Jnndiiiff at the <’r>*stal Poltice. P’or several dayw the raiti urni wind 
pn^ventLil attempting the rt'liirn jonrnt-y. Oii*()t'tol»er If) a stnmg 
wind threatened to eany away the alrdiip, so the gas bag was cut 
ojioji by the Bergeatit in charge. 

Jtf//.—Tliis is made of eight layers of gohl 1 water’s skin. It 
is cylindrical in shape with spherifsal ends, ^’olnme, 8-l,7fiB cubit 
feet; length, feet; maximum diameter, SIJ feet. The elongn- 
tion tlu-refore is only abmt 3J. There is no bn lionet, but due to tlm 
tonghnesM of the gold Iwatcrs skin, a much luglier prs-SMure can 
safely Iw maintivuied tiuin in gug Laps of nihlwr doth. Without a 
lja lionet, however, it would not bo safe to l'i^« to the heights ix'ticheil 
hy the Pa trie, 

T fjfi.'fjf.—Tlje vjdvcs are made of ahiminum and are ahi’mt 12 
inches in diameter. 

this alrsdii]! they have sut-ceeded in obtaining a 
long suspension with a short Ijoat'Shapcd car, ii combination very 
much to tw desireil, ns it distribute.^ the weight over the entire lenglli 
of the ga.-i hag and giics tlio Iw-t fonii of car for purposes of oljwr- 
vation and for maneuvering on the grotind. To obtain this cornhi^ 
nation they have had to conetruet a very heavy steel framework, 
which cuts down innterially the currying enpucily, and, moreover, 
this fninieworh adds greatly tu the air rt'.sbtance. This is the only 
iiirriiip in Etiroiw having a network to sujipnrl the car. In addi¬ 
tion. four silk Iwinds are pfls?ed over the gas hag and wires run from, 
their extremities down to the steel frame. This sti-el frame is in 
iw'n lii'rK—the iipfwr is rectangular in cross section and snppui ts tlie 
rudder and planes, the lower part is triangular in cross section and 
supports the car. The joints are aluminum. 

f''"'—1'his is of steel und is aljoiit 30 feel bog. To tx-dnee air 
resistance the car is coTOred with cloth, 

.I/obr.— A 40 to i>0 hoisepower S-iwIimh-r Antoinette motor is used, 
it is s('t up on top of the car. I’he Iwiizine (links are siipporteil nlK^vo 
in the fnimewoirk. Oruvity feed is used. 

Then* are two proirfllers, one on each aide, with two 
hhides eadi. as in tin- Palrie. They are made of ulnmimim. 10 feet 
in diameter, and make 700 revointioBs per minute. The transmission 
b hy Ml. 

Sfafn/ih/.- This is tiijilntniiiisj by inetins of phmes. At the e.xt ix-rrie 
n-ar is a largi- fixed horisMntal plane. In fnint of thia is « juiir of 
Inngi-d horiKontiil pinnttj. Under this is the hexagonal-shape,! nid* 


Plate 6. 
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flpr, It IS hiiliincsuL Two of iijovithle liorinoiitiil |i1jKnw, ft fwt 
i^v t fret, odcli pluwil lit tho fj'oiit. serve lo guide the Liirslujt up and 
down, nfl in the Piitrio uiul \’lllc do Paris, Tliew pliini’s hjive luldi- 
tioiial liieliood surfaces, wtik’lt are intGiidec] to tnereaiic the stuhliity 
in ii verticul jilarie. All (heso plunes, both lixetl anrj movable, luv 
miisfnicted like kites, of silk strotchefl on bamixxi The guide 

rope is IM feet long, f^peiyd jittainctl, idHiut lt3 milei |Kjr hour. This 
nirsliip witli a few improvuiHents added Ims licen in operation the 
past few months. Tlie steel fraiiapwork eonnectlrig the gas bag to 
tlie car is now entirely covered witJi canvas, which must reduce the 
resistttiKN? of the air very Juiiteriiilly. The canvas covering, inclosing 
the entire laig, serves us a peinforecmeiit to the latter and at Ijie 
same time gives attachment to the sus]}eiisiuji underneath. It is re- 
jHirted that a speed of SO miles un hour hits iieen attained with tlie 
recoiiatnicted airship. 

A pyriiniidnl construction similar to that on the Patrio has been 
huilt under the cetiter of the car lo jirotcct the car and firnpcllers on 
III tilling. A single movable horizon till jilnne placed at tlie front eud 
of tlie cur and ujXTHtcd by the pilot, controls the vertical niotioii. 

rhrt?c different types of airsliipK are being developed in Cicrmany. 
The finots is the design of llajor Von tlmss, wJio enmmaii<l.s the 
hulloon battalion at T'egeJ, near lierlin. The Parseval is ia'ing de- 
vrlopd by Mjtjor Von Pait?eviil, a r^^tired (k-rjiiaii ofTiecr, and the 
&pt»eUn ia the design of Count 2k'pi>eliii, also a retired oflicec of the 
(lerman unii}'. 

Tfit fpROflS. 

The first airship of this tyjx! made its first ascension on ,Tij]y 23, 
Iflor. Tlie nieduinicfll jairt was huilt at Siemen s PJectriciil Works 
in Berlin; the gas bag by the Riedinger firm in Augsburg. 

fiflg.—llio gas biig is made of ruhlier cloth furnished by the 
Cuiitiucnial Tire Company, similar to that used in the A’ille de Paris. 
It is dingnriiil thread, hut there is no inner layer of riiblair, as ihev 
do not fear damage frmu Iniimritics in iho hyiJrogen giis, lA'ngth, 
131 1 feel; niii.vlmum diameter, about feet ; volume, thljiTfl cubic 
feet. The elongation ia about 3J. Tlie form is cylindricnl with 
spherical cones at the ends, the whole living symmetrical. 

'llie suspenaioti is practically the same as that of the 
! atrie. A steel and aluminum frame ia attached to the lower part of 
the pis iMg, und the car h suspended on this by steel cables. The ob- 
ps'tion to this system is even more apparent in the Gross than in Hie 
Pa trie. A niurkefl dip along the up]ier meridian of the gus bag 
sliowti till? ilL*formiitliiti. 
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^’wr,—The cnr it; I’ioiit like that of the Ptitrie. It is sils- 

pi'iitlefl 13 feet U4ow the ga-n big, 

—^Tlie motor is a SJO to B-! horsepower, foiir-cylinfier rhumler* 
MerrtKlos, 

PropfUcr^t, —Thei'o are two pTOfUjUers 8.2 feet in diameter,each liwv- 
ing two blades. They are plurcd one on each side, but well np under 
the <afits bug: near the center of retiiitunee. The tmuemifsion Ls by belt. 
Tlie propellers make fiOO revolutions per minute;. 

Stahilitij.^Ths samesj’steui, with planes, is used in the Von dross 
as ill the Pa trie, but U is not nearly sft well ilevelapisl, .\t ibe rear 
of the rigid frame atlaclied to the giu- bag are two ti.'fcrl horivjoiital 
planes, one on each aide, A fixed verlJcMl plane niiis down from Is*- 
tweon llje.4e horisituntai planes, and is terminated at the ivar by the 
njJder, jV fixed huTiztmtul plane is attachisJ un tlie rear of the gas 
bag. jis ill Llie PtitriPi. Tli«? nictlirMl nt uttarhrnc^nt is tliP snmo, but tlii* 
piling is put on. Ijefore the iTill^tion in the Gross jiirshipn rafkirwiirds m 
the Paine. Tlie stnbility of the Gross uirsliip in a vertkal plane is 
rc|iorted to Iks very good, \mt U h ^aiid to veer eonsitlerabiy in giticmpt- 
ing to steer a stnught course. 

The many |>oiiits of resemblance between thb dirigible and the 
LebauJy ty^pe ure worthy of notice. The -itispension nr means of 
mainiiiining siahility and tlie disjiosltion for driving are in ji^neru! 
ti]e snioe. As Hivt built, the Grows had ii volume of ruhti' 

less than nt present^ and tlietie wan no hori^uiitiil plane at the rear of 
the gas bag. Tta nin?biiniEiii speed b probably 15 milefi per liour* 
As a result nf liis G-'C|]erLnient.s of inOT, Major Von Gross has tliis year 
produced n perfected airship built on tho same lines as liLs firsts but 
with greatly increased vohmic and dimensions. Tlie latest one has a 
volume of l7G^t)0n enbio feet, isdrivcM by two To-hor?epower Daimler 
motors, and hm a speeil of miles |ku' hour. 

On September II, the Gross airship left Berlin at 10^5 

p. m.j carrying four passengers, ainl rcfiirnftl die nest day at 11^ 
0 . in.* having iN>verrd 176 miles In the periml of a little over thirteen 
liourw. This is the longe^it trip in date. IhjUi in point of time and dLs- 
tanev* ever made by any airship retundrig to the st 0 rtmg point. 

Tjik 

The Parseval airship if* owned and eontrrdled by the Kocicty for the 
Study of Motor Balloons. This organisation, com|>ospil of eajdtal- 
ifitK, was ffirmflii practiciilly at the command nf the Emperor, who ixi 
vuty timcli uitcnKtetl iti nerial navigatioti. The society has a capital 
of IhOOO.OOO luarks, owns tho Parsevul patents, and is rcaJj’ to ccjo- 
stnii't iiirships of the Vnn ParseTul tyt>e. The present airship was 
constnicted by the liiedijiger firm at Augsburg, and is operaItal fi'OJii 
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the liLiIloDD hojiKe i>f .soch-ity ut Te^l, nrljoining the miljtiirjr baK 
loim haiifie. 

'I'lte giis bii^ IS .‘Timibir in cotaitriietion to that of the Drftchen bcil- 
lonrt^ uscfi by the army for captive work; volume. 11^^,000 cubic feet; 
Ieu"th| 100 feet; nia.viiniini diameter, feet. It in cyllndricul in 
slnifx^ njiioJtM.1 at the froist cnci. jind pointed ni the rt^ar. Tlie mitte- 
rial was fiimkbed by the Cojitincouii 'Fire Company. It iw dinguimb 
tlii-^d^ weighing about 11.2 ouiice±i (ht iii]nare yard, and having a 
stfengtli of uIhjuI !MD pcsiinds i>er running tuaU Ttjs inner surface is 
covered with a layer of rulsber. 

Biiffmieh . — There are two Ixilloneist one at each end. each Imvhig a 
capacity of 10j59ft cubic feel. The material in the 1 m lionet weighs 
nlwut SI ounces! |>er square 3 "Qrcl, the cotton layers lacing lighter thiin 
in the material for ilie gas bag. Air is pnmptKl into the rear ballonct 
before leaving thegrounib so that the iiii-sJiip operates with the front 
end inclined upward. The air striking nndemeuth osorts an upwani 
pre^iii'e^ on an aeroplane, and thus adds to its lifting capacity. 
Air is pumped into the ballonets from a fan opcrutctj by the motor. 
A complex valve just under the middle of the gas bag cimbles the 
engineer to drive air into either or \mth ballonets. The valves also 
act automatically and release air from tlic balloncls at a [:^rcs^tinre 
alxiiit O.P of an inch of water. 

In the middle of the top of the gas Ixpig is a valve for releasing tlie 
gas. ft mn lx? operated from the anil o[]Cns automatically" at a 
pi'cssure of aljoiit 2 inches of water* Near the two ends and on opix^ 
site sides are tw"o rip strips controlled fn^m ihe car by cords, 
SmpetmmK —Tlie suspension is one of the characteristics of the 
airship and is protecterl by patents. The ear has four trolleys, two 
on cadi shk, wliich run on two stwl rabies. The car can run back¬ 
ward and forward on these cables, thus changing its position with 
relation to the gas bag This is eallecl suspension. Its 

object is to allow' the tTir to take up. automatically, variations bi 
tbrusl due to the motor and variations in resistance due to the air. 
Ramiticaiiuns of hen.p rope from tbes^ stiwl cables are’sevvo onto a 
canva-s strip* which in turn ia sewn onto the ga& bag. This part of the 
finspension is the same as in the Dracbeti balloon. The weight is tlis- 
tributeil over the entire length of the giis lx»g. 

f/ffr.— The car is Ib.-l feet long and is built nf steel tiilj^es and wire. 
It is l[irge enou^di tu hold the motor and three men, though four or 
five iiuiy U? takcTL 

T be motor a 110-horsepower Dniml cr-Mercedes, Suf¬ 
ficient gasoline is carried for a run of tw'elve hoiiVK 
/^ropcfleT * — The propidlcr* like the sus^>eiisii;in. m pwuiiar to this 
aiivhip and is pnslccted by patents. U has four doth blades, wliidi 
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hiing limp when not turning- When lln^ im>inr k ruiitiing, iltf^ 
ivliirh are rarefiilly weighftNl witli Ifiid iit eertjun 
iLSHimie the j>rf>|HT p^^HUian due la the viirioiid fuiteji Relmg. The 
tJiuineCei- tw 13^ fwU 'I'hc praprller is plaee^l uiMfve the I'ear of the 
ear near liip cenler af ri*siHtiiiiee* iShaft trimt^iuission is used- TSie 
|iit>j>idler tiiaken ftlK} nn’iilalioiis |mt minute to l/KMl af the motor, 
'rheiv is ii sjNtce OJ fcNet from (he propeller hlmles to llie gas liag, 
the Lhittom of the ear I King 311 fc^"! fmni the giis I jag, This 

praptiler liits llie adviinlage ttf t>eijig very lights Its p^'ii^ition* fio far 
frcpoi the engine, noce.^rily incurs a great loess of power in trans- 
iiiLsHiniu 

13ie stet^riiig wheel at the front of tlie ear has ei spring device fcjr 
hM-kiiig it ill any jKisitiazi. 

llie lOGS mode! of this airship ivojt constntcled for tlic^ piir|jo!^ 
of si'iling it ta tlie (foveminenl. Among iHlier re<|LtiFeiiieiils i^f a 
Iwelvediaiir Higlit wiihoiit lamling iiia) a saflieieEit speed to mariauvar 
agaiii-sl II 2i^-miir winEh A third ami larger air sliip of this tyjje is 
now nmler coilsL ruction^ 

Tjik 55ki'piilis, 

The Ze{j|ieliji airskiji, of which there have Inhmi foiii\ didei^ fraiii 
Jill others in tliat the envelaj>e is rigiih Sixteen -H4>par3ite gas hag^ are 
cofitained in an atiiminiim allay framewiirh having ^ides, c^flv'e^ed 
ivith a cotton pod rubber fabric* The piv^^urc of the air is taken ap 
by tbi,s framework instead of by the gas liags. The gas bags art' not 
entirely filled^ thus leavingnnjin far expansion. 

The rigiti frame is -bM) fi'et long, 42J fec't in dtameler^ and has 
ogivabsluijXN] ends. iL is braceil sdiotit every 4r^ feet b^' n munU'r of 
rods ervjssing near the cerdert giving a erotys section resembling a 
bicycle wheel* Vertienl braces are planed at in terra b the enlire 
Jezigtii of the frame* Tlie 115 gas bags are et^m[jletely separjited fnmi 
each other by partitions of sheet alum in um* Uiulcr the framewoi'k 
]s a triangular tnii« rum ling nearly the entirt^ leiigtli, (he suk^ af 
the triangle being about 8 feetx The total voliinie of the gas bags is 
4CO*tX)(3 citbie feet, vvhicli gives a gi''uss lift of uIjoiiI 32,(XM) potifuk. 

Htfruu,—Tlie two cars are rigidly uLtacheil directly tn the 
frame of the envelope and a \^ry short distimce lielaw it* 

—Tile two cars are built like luiuts- They are about 30 feet 
hmg, feet wide, feet high; are placed al>o!it 100 feet fi'orii eacli 
end and ait^ made of the same alum in uni alloy. To land the air- 
shi|i^ it is lowered] until the cars lloiit uii the waiter, when it can lie 
towed like a ship- A third ear is built into the ketd dirocfly under 
the center of tiie fn^miewark,, and is for passengi^ra only. 

il/w^or^^.—The power i,^ furnished hj two 1 lO'hum'power Daimler^ 
Mercedi-s motors^ one placed on each car. Ihich welgiis about oaO 
jKiands; suHicient fuel far a aixty-haiirs^ run can lie rarrlcd. 
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Proinllcn .—A piiir tlirw-bladcfl meliil prmiwlkivi sliimt 15 fw'l 
in tliiiTiu'tei' is piuml iipiwsite cni'lt air, firiiily nltucliecl to tli« fruiiif 
of llir puvt^lope lit iliL» lioight of lUft (x'liter of rcsisitimce, where they 
lire uiost L'flh'iontr 

StnbUiUj,—\v\ iidiUtion io ihe lon^ V sIijiikhI ktel under the 
frcifii£!^on eiirli Aih tit lln'i mu' yf the fmmr uri? two neni"ly 
pkini'^^ wliili? him! IhOow the mir end lire vertieul fiiii% 

hirgt! vertkjd rudder littacheil «t tlie extiviiie eiul 
ttf ihe rijjid fmiiie. atKl ini tuMitiorml (nie h pliirfti k^lwwn emit 
of horjKnntJil {»llines on the sides. For vertirii] steering (lirn^ lire 
four sets uf nuivable horiKOutiU planes plnrcfl near tlie ends of the 
rifnd fniiiiL^ ulKiiit llie liei^ht of the pmiudlers. Knch sid rnnsiijts of 
four lii>rijcontul pJiines pliicini CMie idiove the other aiid eonneettil with 
rtuls, SCI Unit I hey work oil the prineijVle of ii Bluittur^ These 1iori»[>n- 
tiil rudclei's sei've jiiioLlii-r very iiiijjortaul purpose^ due to the retii:' 
tioii uf the air. Wlten thew* plnufti ure std ut au auf^le of l.T eiiuI 
the iiii-rihip h niukiug n spewi of nri miles hour, nii upward pres- 
sure of over IJOO |H]imils is exerted^ fitul eonsecnienily nil tite gtfis 
in one (roiiiparlment eoiild and yet hy the lusitiipulrition of 

these planes the nii'sliip eoiild return safely to iLs htarting point. 

Its Vm?sI perfcjmiiitices were two trips made during the ptisl summer 
[inos]. Tlie fii^U July 4, ImU^l exactly twelve lioiirs, during whidi 
lime it eoverted u distance of iiiileSi ei'CHising the inounLaius li> 
Ijit-erne and Zurieli* and retuniing to the balloon house iiL Friedrichs- 
hafiMu ou Lsike Cnnstaiice, The average speed on this trip wns m 
tiiilesi iM?r hour* On August 4 Urn ijirsiii|i u(tenipti>d a tweiity-four- 
hour night, whieh was une of the retpiireiueiits made for its accept- 
nnce hy the (loveruiueut. It left rriedrich^hafen in the inorning 
with the intention of following the Rhine as far as Mainz liud then 
rrliiniing to its starling point stniight neross the c ountry. A stop of 
four hours and ihirly minutes was iiiiide in the afternoon of llie firft 
day on the Rhiur, to repair the engine. On the return, a second stop 
was found mn’essary near Stultgart. ihie to tlifTieiilties wiUi the 
motors and the loss of gas. 4VhiIe anchored to the ground a storm 
came up iitul broke haisi' ihe niichoragi^i, and as the lialloon rose in 
ihe iiir it explmled and took fire, due to muses whieh have never Wen 
actually ilrtenniimd ami puldbhiaL and fell to the ground, reuniting 
in its conipleto destrnriioiu On tliis juimicy, wliirh lasted in all 
thirty-one hours and fiflecai minutes,^ the airship Avas in the tur 
twenty hours und forty-live minutes and coA'errd a total distance of 
IMS miles. 

The palrioUsin of the (iennaii nation wjik nrotn^ed. SuhscTiplions 
weiv inmiedialely ojieiied ami in a nhorl. space of time 
had Ih4ui riiiSJsL A !%«p|Hdiu s^Huety was formed to diivct t he expendi¬ 
ture of this fundi. Eighty-five tlioiL^oiid dollars has been exiwnded 



132 ASKI:aL KEPOBT BAlITiraOSlAX tURTITCTJOS; IIXISI. 

f«r land uear FriedricUihflfon; sUop? are being eoii>inicted, ami it 
Jjjw bet'll arnioiiiicetl lliat within giie year the const r nut Urn of 8 air¬ 
ships of the Zeppelin will l« completeil. Receiitlv tlie Crown 
Prince of Gennaiiy made n trip in the Zeppelin No, 3, which hud 
bt?en called back into service, and ivitliin a very few days the Em¬ 
peror of Gei-many vim ted l‘’ri(;dridiaiiaft'n for I'he purpose of seeing 
tiio airsbip in flight, fie decorated Count Zeppelin with tJie Orticr 
of the Biack Eagle. German patriotism and entliusinani has gone 
furtlier, und the Gorman Asodation for an AerLd FWt has boon 
organized in sections Uiroiighout the country. It aiinounoes iU in¬ 
tention of buildiDg 50 garages (hangars) for houisiiig airships. 

United States. 

S10.TAX. OuitPf?, inmiMmx. Nti. 

Due to unaTailabilitj of I be TTnile^l Statt*?! fro^'emment bas 

not btam able to imdortake the t«Jti.si ruction of an aitrship snfKciently 
large and powerful to compete with those nf Eiiroiwan nation^ 
However, specifications were sent out January, nm, for an airsliip not 
over IstO feet long and capable of making 20 miles [wr liour. Con- 
trait wjia awardetl to Capt. Tbomas S. Ilaldwin, who delivend an 

iii^bip in August, 1008, to the Signal Corjjs, the description of wliiih 
follow^i 

Gan ftaj?,—The gas hag is spindle shujwd, !>« feet long, nm-timum 
diameter IP feet h inches, with a volume of 20.000 cubic feel. ,V 
biillonet for air is provided ijiHide the gas bag, and has u volume of 
2,fS()t) cubic feet. The material for tlie gas bag is maile of two laycnj 
of Jiipaue^ silk with a layer of vulcuniKed rubber lielwecn. 

Ceir.-^ Tlie car Ls made of spruce, and is CO feet long, f«t wide, 
and 24 feet liigh, 

-Vo^or.—Tile motor w a 20 hunjepower, water-cooled Curtiss make. 
The propeller is at tlio fiont end of the cjtr, uiid is con¬ 
nected to the engine by n steel shaft. It is built up of spnice, has 
a diameter of 10 feet 8 mdics, witli a piteii of 11 feet, jijid tunis at 
the nitc of 450 revolutions per minute, A fix«l vertical surface is 
provided at the rear cud of tlie car to minindze veering, imd d Imri- 
Kontfll suj'face attaeliLd to the vertical rudder at the mir tends to 
minimize ijitehiug. A double liortKontal surface controlled by a lever 
and attached to the car in front of the engine serves to coufi^l the 
vertical motion and also to minimize pi telling. 

The ijofiition of the tair vei7 near to the gas bag is one of the 
features of the goveromenl dirigibk'. This redness the length imd 
cnnstvjuently the resUtanco of the Biispuisiun, and places the pro- 
pdier thrust near the center of mdstance. 
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The total liftinjjr power of this nlt^hip is 1,350 ptirmtls of which 
50(1 ttte iivailahle for passeiigei's, bnllost, fuel, etc. At its 

olhcittl trials a speed of 111,01 miles ])er lioiir avos aitaiticd over a 
nieasiircd course, ami an eJtdurtinas run lasting two hours, during 
whidt TO jx^r cent of the mfixiiuuui speed was maintained. 

Dirigible No. 1, as tliis airship has l»eeii named, has alremiy served 
u very important jnirpose in initiating officers of the Signal Corps 
in the construction and operation of n dirigible balloon. With the 
experience now oequired the United ShUes Government is in a posi¬ 
tion to prorecil with the constnieiioii and operation of an airship 
worthy of ctjuiparison with any now in existence, htit any efforts in 
this direction must await the action of Congress in proNidiiig the 
necessary funds, • • * 

II. Aviation, 

This clivi,sion comprises all those forms of heavler'than-air flying 
machines which deiiend fur their support upon the dyoanne ronclion 
of the atmuspliore. There are sev’cral subdivisions of this doss de- 
[wndent ujxm the particular principle of operatiDU. Among lhv.su 
may la; mentioned the aeroplane, ortlmpler, lieMoopter, etc. The only 
one of the«* tiuit has been sufficiently developed at present to curry 
ii man in practical flight is tlie neroplone, Tliere have hecu a laige 
It limiter of tyixw of acniplanes tcstetl with more or less succesi, and 
of these the follow'big arc selected for illustration. 

iiErimsENTATm: aeroplasjss op VARiot'a wrEfl, 

Tua IVur.uT Broth .vaaaPiAaE. 

rhe general conditions under which I he Wright machine was built 
for the Oovemmeiit wore that it should licvelnp a speed of iit leiist 
,3fi miles ikt hour and in ita Irin! llights rt'inaiu continuously in the 
air for at least one hour. It was designed to carry two persons hav¬ 
ing a combined weight of 350 ix)um1a, luid also suBicieut fuel for n 
tliglit of 1*23 miles. The trials ut li'ort Alyer, Virginia, in Srplendicr 
of ID08, indicated tlmt the machine was able to fulfill tlic ixxpiin*- 
ments of the government speiufleations. 

Tlic iieroplane has tw'o snper|wsed main surfaces C> feet apart, with 
a spread of 4(1 feet and a distance of fuel from front to rear. I'liu 
area of this double supporting surface is about ,500 Mpiare feet. The 
surfaces are so conslnictctl that their extramities may be warped at 
the will of the oixTiitor. 

A liorirAmUiI niddcr of two siiperixised plane surfaces about 15 
feet lung and 3 feet wide is placed in front of the main surfitces. 
Behind the main planes Ls a vertical rudder formed of iw'o surfaces 
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tru^l toffctlicr, ntxjtit ^ fc?t Im,- am] I f,H>t vviUo, utjAUnirv 

Mirftices iiriii ihi' riJ(H:haiii!iiii L'uiJlrnlliiifj the vijirpiiig of the riiiitJi sur- 
faoes an; opcTiitc^] by thrw leversi. 

The motor ^vhich was .l^igned by the Wriplit has four 

ryhudet^, a,Id i., ;vi,tor cookiF. Tt develops oboiit iiS Lomrxovor ot 
1400 revohiimns jjtr ramute. Tliere are two wooden propellers, Hh 
feet in diameter, wliidi ure designed to run at iibtiut 400 njvolutioiw 
per 1 lie niadiine is supjwrled on two nmtiej-s, mid weighs 

ni>out BOO pounds* A nioiiuniil is used in ptartiug'. 

The 'H right tiiaehine hns iittujned an estiniateil iinixiinujii smt'd of 
alwiit 40 miles fH«r hour. On Sojiteiiiber Iti, a few days lie fore the 
awident whidi wrecked ttie ninelime, a recoi-d flight \if one hour 
fourteen tninutes twenty seeonils was made iit Fort Myer, Virginia. 
Kiiiee that date IViltiiir Wright, at Li* Mitns, France, litis made Mter 
records, on one occaaioji remaining in the air for more thtm an hour 
iiiid rt Jijtif with u pajas<^tigcr, 

A refi‘rein.-e to the uttaehwl iUiislriilUHis of this miidime will show 
Its detajls, its method of .---tartitig, and il.s iip[HTirniiee in (light. 


TiJlc rr£;AJ{E:Ti] 

Tlie Sj^ial Corps of the .Vrmy has etmlnictcil with A, JL Herring, 
of Jfew' \ork, to furnish an neiToplamj under ihe condition, enuinei- 
iited in the siiccifieation alrt-ndy referred to. kfr. Herring mude 
trehniral rielivery of his machine at the iieromujitciil testing ground 
at b’ort Myer. Virginia, on Oetulier 13, ItfOft. 

Iij compHiitico with the request of Hr. Herring the details of this 
madiiiie will ))«( made ttiiljMe at present, lint the nfficial tests re- 
fiiiiretl under the «‘ontntct will Jie emidneted in pnhlie, as him been 
the case with other iifroijautieid devices. Op|xjrtnnity will be uf- 
fortlcd any one to observe tlie madiine in operation. 

Hiis in ad line emlHslIes new fentuns for automatic control nml 
contains an engine of femarkable lightness per horsepower. 


TllK t'AAUAIf AESQTUA*f1L 

rhe^ Fnrmnn flying meichini! hus ItiTo superpn^l 4 feet 

11 indies apart, with u spiicnd uf 42 feet H inches and 15 feet T inches 

from fi'fiiii to rear. 'J he total sustaining surface is about 5(i0 sqiiure 
feet. ■ 

A Iws tail (5 fwt 7 indieij wide and (1 feet ]fl indies long in rear of 
tlic mam siirfuo^ Is used to balance tljc mactiine. The vertical sides 
of Uic tail are pivoted along the fiont edges, and sm-ve as a vertical 
nnhler for stirring in a horizontal piano. There arc two parallel 
vertical parlitiuns near the middle of the main supporting .surfaciJH, 
and one vertical luirtitioii in tlie middle of the Ihjx tail. A lioriKontai 
rudder in front uf the machine is ushI to elevate or depress it in fliglit. 


Smrllrinrfiiini ftitpciri. i POBt—^3qul*r, 
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WffiaHT SflQTHEfi^^ Aeroplane: Detailb of Cohatruction, 
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Whisht Bh&thehs' AsnoPLAifEj Details of CONffTRucTioNp Rear View, 
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Tlie motor is hd GigliL-crlitidLT Atitoiiictlc of CO bordO|Hi^vi<r 
wt'igUihi: ITR poimcLs, [iml clovdoping nbout 3S lioriiepowuj* iit 1,030 
rovolutioiis per minute. 

The prcuwller is a Ut)iit-iip steel fmnie covered with aluminum 
slierling. fettt in diiiiiieter, with ii pitch of 4 feet T indies. It is 
iiiuiinied dirsKrtiy on the motor stuift iinmedintely in rear of the mid- 
d!c of the nmin surfuees. 

llie rnitiiework is of wood, covered with canvas. A chassis of sltt‘1 
tubing carries two pnotimatie-tired Ijicyclc wheels. Two smalJer 
wheels iiix* pliieeil under the tHil. 'I'he total weight of tiie niiiehiiie 
is l.ITiiri [xiunds. Tlie main surfaces siippor! a tittle over 2 {munils 
jx’r S4|iiare foot. Tlie muchine lia.** sliown h speed of aixml 2S miica 
]XT luiiir iiriil no stiirting uppimilufl Ls list'd. 

On Junuiiry 13, 1U03, l''Hriiiiiii won the (irand Prix of the Aeju 
Chib of I'l-aiiee in m flight of one minute and twenty-ciglit seconds, 
ill wliiclt he covereti niore than u Icilumetcr, It is reporteti that on 
Octolwr 30, lOOH, a iligiit of 20 mi tea, from Aluuriiiclon to lUieiiiis, 
wds made with this iiiachliie, 

The Iti.r.Bia'r AKaniTAHE. 

Following Furman's Jirat flight from town to town. Blfriot 
with his monoplmie aeropkne made ii flight from Toiiry t^i tlie neigh- 
kirhoud of ArtPiiay and kick, ii total distance of abaiil 28 kilometers. 
Me Intideil twice during these flights and covered 14 kiloturlcrs of 
his journey in ahutit ten min ides, oi- atlaiued a speed of 02 miles an 
hour. 

The JrsK Ben, 

1'lic plune Bug was designed by the Aerial Experlniont Assooiatioti, 
of which Alexander Ondnini Hell is president. It has two main 
sitjwrpoMcd aerosurfaiieH with a spread of 42 feet and <1 inches, indud- 
ing wing tips, with a total supporting surface of 3T0 Square feel. 

The tail is of the Ixm type. The verliciil rudder skive tlie rear 
edge of the tail is 30 indies square. The horiKonliil rudder in front 
of the nmin surfaces is 30 inches wirle by 8 feet long. Thci-e are four 
triangiilsr wing tips jiivoted along their front edges for iiiaintflining 
tmusverse eijuilibrtum. Tlie vertical rudder is 0[icruted by a sitccring 
wUetd, aod the movable tips by cords attacked to the body of the 
aviator. 

Tlie motor is a 35-horsepower. 8-cyIindcr, air-cooled Curtiss, Tlie 
single wooden projidler immediately k'hind the main surfaces is (I 
feet 3 inches in diniiietor and nicuinted dinjctly on the motor shaft. 
It has a pitch angle of alxiiit IT® and is designed to run at about l^^OO 
revolutions per minute. 

1^8202—814 IHOifr-JO 
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The tola I weight vf the muchine^ with n viator, is 1150 poituds. 
IL has a loud of nlmit IJ pounds [wr square foot of siipi>ortmg sur¬ 
face. Two pupumatic-tired bicycle wheels are ntiached to the lower 
part of the fraiup. 

With this niachipe. Mr, G. IT. Curti^is. <m July 4, UH}Br won the 
Scientific iViiicrleaii trophy by covering the distance of over a iiiUe in 
OHO minute and forty-two and two-fifilis seconds at a speed of about 
3^ miles per hour. 

SOajK Oi^^NERAL CONSmERATlONS WHini THE nEfifUN OF AN 

.VEIHUaJkNK. 

Tlie rie^^ign of an aeroplane may Iw considertrd under Ihe heads of 
FUppprtT re^isitance and propubion, stabilitjt flud control 

St^pj}ari. 

In this class of flying machineis since the buoyancy is pmeticnlly 
jnsignifirant^ support, must be obtained fioiu tlie dyiiamic reaction 
of the aliiiosplierc ItseJf. In its sinij>lest form, mi iicroplane may 
considerecl as a single plane surfecc moving tliroiigh the air. 
The law of pressure on such u surface has been detertuined and may 
be expressed as follows: 

P = 2^'^rAV* $in a (1) 

in which P ii^ the normal pressure upon Ujc plane, k is a constant 
of figure, tr the density of the air, A is the area of the plane, V iho 
relative velocity uf tranaLalion of the plane througii the air, and a 
the angle of flight. 

Tins is the form taken by Diichcmin’s formula for small angles 
of flight such as are ijtiually employed in practice. The equatior^ 
allows that tlic upward pressure on the plane varies directly with the 
area of the plane, with the sine of the angle of flight, with the density 
of the air, and also with tlic scpiare of the velocity <if translation. 

It is evident that the total upward pressure developed must be lit 
least equal to the weight of Ihe plane and its kKiiL in onier to support 
the system* If P is greater thoa the weight, the mndiiiie wnlj aKceud; 
if Ii^s, it will descend* 

XliLMmnstaiit A- depends only u[H>n the shape and asjjcct of die plnne, 
and shoiiid be determinet! by experiment. For example, wdth a plane 
I foot square Air = 0.00167, as determined by I^angleyr wdicn P is 
expressetl in pounds per s^qiiare foot, and V m feet per ^onsL 

Equation (1) may be written 

P 

AV> ^ - - V - 

lUriTiSfin a 

If P and a are kept constant then the equation has the form 

AV“ constant. (2) 


SMnflhKiniin Rifport I MM^SflylP-r. pLATE 1 7, 



Wwi^iMT &m3THeflS' Aeroplane, Fort Vk, 9, 1909, 
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Plate Ifl- 



WaJClHT AtflOPtANl;, FOIIT MVER, VA-, SCJn’EMDEH 1 2, 1 SOS, 











SffilIttVHUAA RftfUft. l9Di.—^qruiittr.. 


Plate 19, 



SrOTHEHS^ AfROPULKE, FCWT MVEH^ Va,, SePTCMaCH IS, 1 &D8* 
Tiue mI QlHhLi ] Ikiitir li oiluulb* ^ HMcMidju. 











SnWthwn'iin H apart, 1 &0A—Svi^irr, 


Plate 20, 





WB«HT Bfll3THe«> AlHWUNt, FOftT M™, ViL. S£mM6E» 12, 1W8. 

Time of BIjilil. I liiiui U itSiiunsi» BenMnlE. 
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rJUSCJrLE or ItEEFIvTa IJf AlilATlOSI. 


An intorpivtiiUon *>f (2) re von Is int foresting rpktions* The sup- 
tttTM varU^ inversi-ly ns the of the veioeity. For 

exiLiiiple^ in the Wright nemphitie^ tlie s^ipportinfj area at W miles 
per hour is aOO sqiinre feet* while if the speed is increa&etl to GO miles 



one-half of its present size. At 80 miles per hour the area would be 
led need to 125 s<|i litre a fit! at ](K) tttiles per linitr only SO squai%> 

feet of *iip|M>rtiiig urea is required- These relutions are conveniently 
exhibittsl gruphicttllv. 

It thus appeiirn that if the angle of flight be kept coiLKtiiin in the 
’iVright aempluiie* while the aj>e^ k inrreiLsed to iOO miles pt*r hour, 
we uiiiy pklure a nindiiiie whieh has a total supporting of 80 
Kf[iiare feet^ or a doiihle surface, each lueusuririg about 2| tiy IG feet or 
4 by 10 feet if piefen^l. Fiirtlienunre, the dii^airdetl mass of the 
420 s(iiiare feet of the original sup|Mining surface may be added to llie 
weight of the motor and pn^pelleni iu the design of a red need aerfj- 
plane. Him-e in this discussjon the total fmiss is assumed constant at 
1,000 pounds. 

In the raise of a bird's flight* its wing surface is “ THdeti ^ us its 
%"elocity is inoreased, which instinctive action serves to reduce its bead 
resistance ami skin-frictional area, and the consequent jwwer required 
for R particulur speed. 

Pek^rminathn of k for (irrhed #wr/(jce^.—Since arched surfaces are 
now cummonly used iu aeroplane constniction. and as the above 
equation (1) applies to plane surfates ouly^ it Is important to deter¬ 
mine experiment ally the value of the coefficient of figure for each 
type tyf arched surface employed, especially as k is shown in some 
cast’s to vary wdLli the angle of flight a' i- e,. the incUiiatioii of the 
dioixl of the surface to the line of traiisJatiou. 

Assuming a t*on.stant, however, we may I'uiupiiKi tlio lift of any 
porticulor archeil surface with a plane surface of the same pvojecteil 
plan itnd angle of flight. 

To iUusti'ate, in the cose of the Wriglit aeroplane, let us assume 
P = IjOtK) [KJtinds = total weight = \\\ 

A = 50C square feet, 

V" = 4tJ miles j»or hour = ISO feet per second. 

(t = 7*, approximately. 


Wlieiice 


P 1,000 


1,000 


2AV» ^in a 2 X 600 X 00“ X i 
= 0.0022 (V = foot-seeonds) 

— 0,005 {V = mlle^s per hour). 
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Coni pur ing this vuluo of Jiv vvillt Langley's valuo 0.004 for u pifliio 
.Riirfoco V being in miles per hour, we see thut the lift for the arehcil 
smrfaee ht per cent greater than for a plane surface of the inime 
projected plan. That is to say, this OLPched surface Is dynamically 
equivalent to & plane surface of 25 per cent greater area than tlie 
projected plan. Such a plane surface may be defined as the equiva¬ 
lent plane*” 

Jie«lit(inv€ amt projml'itiont 

The resistanoe of the air to die motion of an aeroplane is composed 
of two parts, (o) the resiRtanoe due to the framing and load; the 
iujce»fnry resistance of the susdaitiing surfaces; that is, the drift or 
horizontal component of pressure, and tlic iinavoidable akin friction. 
Disregarding the frame and considering the aeroplane as r smple 
plane surface, >vc may express the tcslsiaiiec by the equation 

R ^ W tan » 4- S/A (S) 

in which R is the total resistance, W the gross weight snstainctl, c the 
angle of fiight, / the friction ikt square unit of aren of tlie plane, A 
the area of the plane. The first term of the second member gives the 
drift, the second term the akin friction. The power required to 
prot>el the aeroplane is 

H = RV 

in which I! is the power, V the velocHy. 

Now W varm as the second power of the velocity, rr shown by 
equation (t), and f varies as the power 1,85, as will be sJiown later. 
Hence we conclude that the total resLdaiico R of the air to the 
aeroplane varies approximately as the square of its speed, and the 
propulsive power practically as the cubo of speed. 

Afost ad.KttjUaifeou» itpin'd and iingk of Again, regarding 

IV and A aa constant, we may, by et] nut ion ), compute » fur various 
values of V, and find / for those velocities from the skin- friction table 
to lie given presently. Th^ «, R, arid 11 may !» found for varioiu: 
velocities of fligiit, and their magnitudes tfompared. In this way the 
values in Table 1 were computed for a soaring plane 1 foot iiqiiarn, 
weighing 1 pound, assuming = 0.004, which Is approximatelv 
Ijingiey's value n hen V is in miles j;*ef hour. 


Sfiiilhurtlin ! iHiU-— PLATE Sf1 



BrothE. nB^ Aeropiahe, Fcwt Mvcn, Va., Septemder IE, 
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SrnLtkumJtA 1^^, 1 »D0.—Sqi*1»T. 


PLATE ^2. 



WRIOHT BROTHCM* AEHOPUIfE, FORT My£B. VjL, SEPTRMeEFI 12, 1908. 

OniHe mini paafetiaf^f, Timr. » oiEuutia £ 









SmfthHniun H«paft, 1 SDEr—Squitr. 


Plate 23. 
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TATEi.r 1.—t'erntjuf^ciT pOitwf* ixyiifprd fn tote « fi/?iFic3 f ffmt Mqmre iveiffhittff 1 
pottnf! tior^2oaSttUfi f hronnh Iftcr oh iif iMfrfuwjP #jirC(f« a«4 arwf^* 


Vchwlijr (uilH [wr hour). 
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Coin 11^11 twoj giving values of a for varlons is curnputufl 

frum ei^usitiuti (1). Thus, at 30 milas par hottr^ 


, ;v 1 _ 

*“ afSA?’"* “a X .oo± X 1 X so* 

wlicntw <t = R:2ri*. 

CfTltuiirL tlii^'C b L-*>itt|jutcd frutu tlic tenn '\V tim u in cquatiuii (:t), 
thus; 

Drift - W tnti = = 1 X titn = 0.14!i. 

Column four in (*ompiittH] from thf term 3/A in (V[uafion (S)( 
/ tjoing taken from the skin-friction table, to be given presently. 

The table shows that If a thin plane 1 foot square, weighing 1 pound, 
Iw tow'cal 111 rough the air so na just to float horiKon tally at various 
velocities and angles of lligiit, the total Tesigtance becomes a nunimum 
at an angle of slightly than and at a velocity of about r>0 miles 
ficr lioiir; also that the akin-friction approxiniiitely equals the drift 
at thw angle, The fahle also shows thnt ihc pFopnlkive [iower for the 
given plane is a Miinlmum nt a Hpc«Hl of lietweaii 40 and 4C milcif per 
iwinr, the angle of flight then being approximately 4.3“. 

'riro Inst oohimn of the table shows that the maximniTi weight 
(airriisd per horsepower is less than 1)0 pounds. This horse load may 
Ih* increased by changing the foot-square plane to a rectangnlnr plane 
and towing it long side foremost; also by ligiitening Uio load, and 
letting thu plane glide at a lower spee{1; hut Ixist of alt, perhaps, by 
ui^liihg it like a^ vTiltiira’s wing and also towing it long side foremost 
ns b the pre^iling pmetice with aeroplanes. 

Sfabili/^ and ctmtral. 

The qiicfilinn of slidnlity is a serious one in tivintion, espwnally ns 
incrcBsiHl wind vckitdlii-s are cticoimleriHl In machines of the aero- 
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plnne type there muiii be some nu^nni^ provided tn ±^ure fore iind uft 
htnbility and niso Inter id stuhilhy. 

A lerge number of plans have been proposed for the nccomplisli- 
tnetiL of ihesc ends, some based uptin the skill of Uie iiviaUir, others 
operated automatirally, and still others employing a combination 
of botli. At the present time no aeroplane baa yet been publicly 
exhibited which is prosnded with Butoma'tic control. There is little 
di llerence of opinion as to the desirability of some form of automatic 
control. 

The Wright aeroplane does not fittcjnpt to accomplish this, but 
depends cntii-ely upon the skill of the aviator to secure Imth Intend 
and longitudinal equilibriuin; but it is understood that a device for 
tills purpose is one of the next to be brought forward In- tlieiu. Much 
of the success of the Wright brotJiers has l«en due to their logical 
procedure in the development of the aeroplane, taking Ihu essentials, 
stej) lij' step, rather than attempting everything at once, as is so often 
the practice with inexperienced inventors. 

The aviators tank Ls much more dilBcult than that of the chauffeur. 
"Willi die chniiffeur, while it is true that it refill ires his coiiiftant ulten- 
tion to guide his machine, yet he is traveling on a roailwav wdiere lie 
can have due waniing through sight of tlie turns and irregiilm-itiRs 
of the course. 

The fundamental difference between operating Uic aeroplane and 
the automobile k that tlic former is truv'oling along an aerial high* 
wuy w'hich has manifold bumps ami Hdges, eddies and gyists. and 
since the air is invisible he can notse* these irregularities and incqniili- 
tio? of his path, and coniioquently can not prmnde for them until ha 
has actually encountered them. lie must feel the road since he can 
not see lU 

Some fonn of amomatic control whereby the machino itself 
promptly corrects for the inequalities of its path is evidently very 
desirable. stated above, a large number of plans for doing this 
ha VO Wn proposed, many of them based im gyrostatie action, mov- 
uhlc side plaiujs, revolving surfaces, warped snrfacet, ctm A solu* 
tion of this problem may be consiik^d us one of the next important 
stops forward in tho development of the aeroplancu 

III, HyOHoukManIC HeIxATIOXS, 

aOME OEXEB.\I. REIATIONS ilCTWlIKS HllU-a m (J. 

At the present moment so many minds arc engaged upon the ffm* 
enil problem of aerial navigation that any method by wldch a broad 
forecast of tJio subject can 1» made is particlarlv desirable Each 
branch of the suhject has itfi advocate, each lieliei'ing imolicitlv in 
the superiority of hk method. On the one Imod the mUmrente of 
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the dirlgibJti balloon have Utile caiifidi^iLcu m thi! fniure tif the aem- 
>vhilo kiiothor hiivti no iTier^^" to devote lo the dirigible 
l>iLllooti^ and i^till others prefer to w iyrk on the piu e helicoiiter prini!!- 
jde. -is a miiUer of faiiL, of tbe^ types is probably of jx?rma- 
neiit innxjrtani."e, and enoU jiarticiiiarly uJajjkHl to certain iieecls^ 
Fortunately for tbe tlevelii]>ini!!nt of eaali type^ Ibe experiments 
made with one are of valtie to the (jtlier classes^ and these in 
turn bear close aimlog^' to the typos of boats used in marine navi¬ 
gation. The dytiairiical properties of Avater and nir are A^ery mndi 
alilvOf and tlio equations of ntotion are siznilar for the two HuidH^ so 
tJiut die data obtained from experiments in walorT which are very 
extensive^ may Avith slight modification l>e applied to cojopotations 
for aerial nuAugation. 

—Von lIclinholtK, the master physicist of Oer- 
maiiVT who illuminated everything lie touched^ has fortunately con¬ 
sidered this subject in a paper written in 1ST3, The lille his 
paper h On a theorem relative to movements iliat are geonieLricully 
stmilar in fluid bodies* together Avitli an application to the problem of 
steering balloons,” 

In this paper Ilelmlioltz affirms that, although the differeiitlnl 
ec|nations of hyiiromechanics may bo an exact expression of the laws 
controlling the motions of Hnids, still it is oidy for relatively few and 
simple experimontai that we can obtain integrals appropriate 

to (he given conditioiifi, particularly if the cases mA’olve viscosity and 
surfaces of discontinuity* 

Hence, in dealing practically wilh the motion of flwidsj we must 
iie[>end iijmn experiment alnu>st enlire1y% often Imtig able to pnulict 
very little from tliecry, and that usually Avith uncertainty, Wiihowt 
integrating* however, he applies the hydrodynamk equations to 
trajisfer the obaervations made on any one fluid with given modeb 
and speeds over to a gcoiuetricaUy similar of another fluid 

invohung other speeds and models of different magnitudes. By this 
means he is tkble to compute the^iKc* velocity^ resLstancis power, etc., 
of aerial craft frtoii given, or observed, values for marinr crufi-p 

He also deduces hiAvs that must iueAutably place a limit upon ihe 
possible size and A^oloolty of acdal craft without, however, indi- 
coLing AvliHt that limit may la- with artifleial power. Applying iliLs 
mode of reasoning to large birda he concludes liy saying that *' It 
therefore appears probable that in tJie iniKld of the great vulture 
nut lire has already reacheti the limit that can t>c attained with the 
muscles as working organs, and under the luo^it favoruble coTiditions 
of subsistence, for the magnitude of a creature that shaQ raist? Itself 
by its wings and remain u long time in the air.” 

hi cxHiipariog the bohuAunr of nicakls in Avater and air he takes 
account of the detiiUly and viscosity of the media,, as thesie were wel* 
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kno^ni at tho data of Us writing, 18T3; but bo coiibl not toko nc- 
count of the sliding, or skin-friction, U'causc in bis ibiy iicitlu-r 
the ntagnilnclc of siicL met ion for air, nor tbo law of its variation 
with velocity, had been determined. 

Skiti^frictioHr f» afr. 

Even Bs late as Langley's experiments, skin*friction in air was 
regarded as a negligible quantity, but duo to the work of Doctor 
^luh, who was the first to nmke iiuy really extensive and reliable 
axperiments on skiu-'&iction in air, we now con estimate tlie magni¬ 
tude of this quantity. As a nsult of his research he has given in his 
paper on “Atmospheric friction" the following equation: 

U,CKK)00778 . . (o=feet per second), 

/= 0.000015S tf‘ “. . . miles per hour), 

in which / is the average skin-fHction per square foot, ntul I the 
length of surface, 

Krotn tliis equation the accompanying Uible of rasLstances waa 
computed, and is iuscHcd here for the eonv'euienee of engineers: 

Tabu: i’rkrrfun jht svaara /op( fur carfcM* vpreds and trngthti bf 
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The numbers within die rules represent data coming within the 
raijgi' of t>bservHliaii. These observations sliow tliat “ the frictional 
resistance Is at lea.st as great for air as water, in proportion to their 
dciisitire. In other words, it amoxinte u> a decided obstacle in high- 
spired tran-sjairtetion. In aeronautics it is one of the diief elements 






































MIX+rTAHY AERONAUTICS- BgiTlEll, H3 

of rGfilst(inc<» l>olh to Ijnll'!^!uti>ecl LkhIic^ und to rw^rti-surfaces gliding 
nt small angles uf IligliL'* 

IMitfhe ftt/iiitml*' a Jiff snpfnyrf .—Peler Cooper-HewUt luis 

givpji careful htudj to the rplativo bchaTior of ships in air and hi 
^vatcr. lie hits iiijule a siMrriii] study of hydrtipliiiics has prt"- 
pared gmphic representations of his results which furnish it valuable 
forecast of the problem of flight. 

Wilhoiil knowing of He huh olio's theorem* Cnoper-Hewitt has mde- 
ix?ndently compute<l corves for ships and hydropliities from ncrluul 
dnla in water, ami has citiploytHl tliese curves to siilve oiialogutis prob- 
kiu.H in rur, listing tltc relative densities of the two media, iippi'oxU 
mately 800 to I, in order lo detruinine the reliitive vnlues of sup^jort 
by dynamic reaction and hy displaLeinent for vafioui weightii and 
speeds. 

An analysis of these curves loads to conclusions of importance, 
some of w-hieh are aa follow's: 

The power comminetJ in jirofKdling a displacernent vessel nt uiij 
conslanL s|«?ed, siipjKirted by air or water, is considered as being two- 
thirds consumed by skin-resistance, or Hiirfnce nmiKljj^noe, anil one- 
third cutii^unied by lahid riKistance, Such u vei^l will be about 10 
diameters in leiigilu or diould Im- of such sha|je that the sum of the 
pow'cr conioiined in sairface frietloii uihI in liead n^i^bdaiice will be u 
minimum {torj^edo .dtape). 

The [unver najuin’d to overcome friction due to forward move mem 
will b': jiljout one-eighth na ruuch a vessel in iiir as for a of 

the sotOP vveiglit in water, 

T,C[ivirig other things otit of consideriition, higher speeds can 1 m? 
obtained in craft of small tonnage by the dynamic rL^action tyjM? than 
by tlie displacemetit type, for largi^ tonnages the advantages of the 
ilLS|ila<K-iiient of type are manifest, 

A dirigible baliwu carrying the same weight, other things being 
equal, tnuy bo made to travel about twiei> m fast us a Im»iI for the 
same power or Im^ mndn to triivel iiL the same s|jced witJi the exi^ndi- 
ture of ailwiit onc-eightU of the power. 

As rliere ore pnictically alwayii currents in the air re^iching ut 
I linens a velocity of many miles per imuf^ a ilirigibh* b;illm>it hIioiiIlI 
Ik? cvutstriirlwl with siifflcieiil [mwer to bt* ohlo to travel nt n spei^d of 
iihoTd fiO miles |M?r hour, in unler that it may lx> available under prac¬ 
tical i-riuditiDns of weather* In utlier w'oi^tls, it should have suli¬ 
st cut ially os milch power as would drive a lioat* currying llie sHUic 
weight, ao miles an hour, or should have the same rutm of power 
to siisi" as the 

Motors . — It 1ft tlie geneittl ofiiuion iluii any one of several types of 
inter mil comhiislion motors at piTsent available is suitable for use 
wdtii dirigihU' bulhauis. With lIiLh ly|ic lightfiess need not bo ob- 
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tuiticd III thf! sacrifice of uffidi’iii’v. In tlie aeroplane, however, light* 
ness jwr iiutpiit is n prime oonddenitinn, mid certainty oriil reliability 
of action k tjeniajjcli<d, iduoc if by chance tho motor stops the tua- 
chino must imiuudlalcly gihlc to the earth. A toclmicnl ilisi^uHsioi) 
of motors would of itself rDqiure an extendctl |»ttper, and may well 
form the subject of a special cummunioittion. 

f'mpdUrx. —TJie fundamenlal pHnripl^ of propellers nre tlw 
sajne for air as for water, Li both elements the thrust k directly 
proportional to tlie mass of fluid set in motion per second. A gmot 
variety of types of propellera hare Iteen ilevised, hut thus far only 
ilie screw |>ru[>cl]cr hoa proved to be of practical value in «ir. The 
theory of the screw propeller in air is sulisljtntially the aanin us for 
the deeply submerged screw proiiellcr Lit water, and therefore dues 
not seem to coll for Ireolment here,. Tliere is much need at present 
for uccurate aorodyiiainic data on the behavior of screw pro|H!Uers 
in air, and it is hoped that engineers will soon secure such ilata and 
present it in practical form for the use of those mterestod in airship 
ilesigu. 

lAmitntmuf. —Euclid's ftimlliar '* stjuare-ciib© ” theorem connect¬ 
ing the volumi's anii sijrfaci<s of similar iigures, as is well known, 
operates in ftivor of mcreased sisje of dirigibles and limits tJie pos¬ 
sible size of lieaTier-than-oir machines in siiiglo iinila am! odtli 
concent rateil loads. 

It Jippears, however, that both fimdumental forms of aerial craft 
will likely Iw develojjCil, and that the lighter*tlmii-air ty'pe will lie 
tho Inirden-lwaring macliine of the future, whereas the hcavier-than- 
air typo will be limited to onnipamtively low toniiajge, operating at 
relatively high vulocily. The helicopter type of machine may lie 
considered tot the limit of the aeroplane whon, hy coustaiilly tnereas- 
ing the speci], the area of the supporting stir faces is eontimioiisly 
rwlnced until it pmetkally disappears. We mBy then picture a 
rndiig neropliiJie propellwi !»y great power, supported largely by 
the pre^smn* against its body, and with its wings rctlucefl to iiicrfi 
fins which serve to guide and steady its motion. In other words, 
starting with tiie iicroplnnc type, we have the dirigible balloon on 
the one bund ns the tonnago increases, and the helicnipter type on 
the other extreme os the spt*ed increases. Apparently, tlien,‘ftin', 
no one of these fonns will Ijc exclimively used, but each will have it^ 
plau- for llu* iHirtiGulnr work ivtpdrud. • • ♦ 


AVTATIOX TX FRxVSrCE IN im- 


By Fleilb£-Kogex Ja^UAlN, 

o/ Clult of Pmftrc, Qen^mJ 0/ Aero CIvh of FCcr^i/p, 


Tlie scicrice of aviation muy be sajd to Siiive orSffmated with the? 
Frciieiu It isnot a now science. As far back as 1T4'2 there, h authentic 
recoivl of niechouieiiL f!%lit by man. In that year the Marquk of 
BHcqueville, 00 years old, Imrled himself from his^ house top, glidiH] 
a disUini:e of SOO meters, and lantled nncerenioniously on a la,iiiidry 
l^t moored along the baiiks of the Seine. loiter came the isolated 
exiiei'imeiits by Blanchard (I753-1S09) and by Dcgen, and aviation 
was for the time forgotten* 

Henson, in and Bu Temple, in 1B57, oonstTucted the first fly¬ 
ing niHchinea of mtional design. These embodied in embryo the iiuiin 
featnreff of some of our pr^nt machim^ yet nothing wa^ iiceom- 
pli^ied with cither of dienu 

Then came the profitable agitaliou of die snbjctrt aroused in 1S63 
by Nndnr, who^ relyUig on the experiments of Ponton irAinfeotirl 
and of TialuLiiddle, revolutionized European ideas by his well-known 
exposition of the ijcienee of aerial niL^igation* Nadar piiinted out 
dial up to that time the balloon must be hold responsible for the 
lack of progress in mechanics 1 flight, and that to actually fly It was 
essential that the apparaliia be heavier than air* In hh researehes he 
had the support of AL Babinet, f[iein1>er of the institute- Then avia¬ 
tion again dropped from public tiolkc^ AUIiongli forgotten by the 
public, several invu^tigators, among Uiem IVnand, de VilloiiciivCi 
Tatiri, and Jlarey, were conducting die firsd acHes of scieudfic studies 
on the flight, of birtls, which are still consulted with proflt. Finally 

^Ctoofef«k£?e uniiter the aasplcea nf ttic ni^socliEiHoii nf funner pnplH of Uie 
Fucutty nf Bcleopeit of Faris^ la the Inrae aniiEauarater of tlie tftorbooBe. liiwin- 
bur 10* M. AnpeU prcshtlaif. TniRKlntcO, wltb pumilif^lan, from the Hi^tuu 
ScienUauae, rarU, February 13, lUOU. 
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wijiic ibc vEpeririiente by LilietitlmJ. Miixini, Ijiiigley, nn<l Cbnnntp, 
fi'uii) lisfjij 1(1 

♦Spttrilknlly, \rhat is the pmbleni (vf nvintion? It couHiKts in 
bunching a heavy bwly from the etirtli und in maintniiiing uiiil 
guiding it in the ftir through purely nii^chiinlcal means. Aviuiion 
has also been defined as the science of flying with mndiines hejivier 
titan nir, as flistinguished from flerohintion, tlie science »f ballooning, 
trith apparatus lighter Ihnn lur. 

It b the III inn of this diHiciiU problem of dying that men have 
sought for ti numlter of yearsi 

Three different snlntiuiis of the prohlotn have been proposed: One 
is in servile unitatlon of nature, that represented by the orthoptcr or 
wing machine. The second us o purely artificial conception, (hat of 
the helicopter tn- screw machine. The third is that of the neroplauc, 
which may lie considered as a compromise, or a eoiubiuiitioii of the 
first two ^sterns. 

"nie wing machine is, ns I have stated, a servile Iniitation of nature. 
It is eijuipped with moving wings, and the madiine b liftwl by llie 
reaction from tlie Hupping of these w'lngs. One of the jirincipal 
rcpresenintires of this ty]ic is that defligned iiy Rbnchatd even before; 
MontgolfifT^ hoi air Inilloon; and. if rumors may In* bdlcvcd, scfirei 
experiuicnts nre now being conducted in Rdgiiira ivitli the La Heiull 
Ij’pe of this machine. 

Ill these wing machines the amount of force upon the nir is iiortnal 
and applied directly,so as to riise the apparatus verticfllly. It is at 
once evhli'iit that of the two motions in the Ihipping of the wings, the 
doivnwanl stroke causes the nuichine to move upward, while tlie up¬ 
ward stroke rather n'tards tlib movement. Tlie attempt him lieen 
made to ovem>me tlib difficulty by the use of valves in tlic wings 
that open when the wing is raised and cioee wlicn it is lowensl. 
None nf these maehini;s, however, has given satisfactory results. 

i he second type is the helictijjler. or screw imichine, n purely arli* 
fiubl cumicption. .l^micton was the first to suggest the application 
of the principle of the screw to aerial navigiition, hut if remtilned for 
de Ijdlandelle ami I'ojiton d Amccourt to actually eKperiiucnt with 
tJiLs systeiu and obtain the first practical results. 

The principle of this f^stem Is that of ii screw turning upon a 
vertical axis, and It is tiie reaction of (he air during the movement of 
the screw that should balanco nr overcome the weight of the apparatus 
and cmiw it to rise. 

ThfSM! rnachinesi an; ven' complicated, M'henever ii fonsi is applied 
to 11 mcilUim such us air, there results u n;uclioii equal to the iiclimi 
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lirrit l^ruutrlit to boar* Tlitf ser^w* and com^equcQtly thf^ wiiolfl 
n^ueliuie^ Mifttaiiifi from tli« air upon wbidi it acts, a reaction equal Uu 
but in tlie diroclion opposite to. tUat lylikh it cNcrcitscs* If wc hat e a 
scmvff turning in a certain dircctionj the AvUole apparatus^ upon the 
stability of which wo rely to fora the turning of the screw against 
the air, will triid to liirti in the upppHita direction as the rc-nilt of u 
reactive fom; espial to that esercrisied by the i^crew. To overetnne this 
tendency the attempt was made to incrcafie the inertia of the niacliine 
hy attarlnng vertiail planes ur snrfacts in such a manner to relard 
its rotative niovcnient. 

But ihesie large surfactsl vertical planes are cnmln^r^mie and heavy. 
With hiiicluble pcTsistency iuvistigalor^ have devisefl a second met had 
more udviuitageoiis than the Urst^ which consists hi the n^e of two 
?i^rciVH iLirntng in (opposite directians, so tliat the idTect of the reaction 
of tlie air on one screw is tieutiiilbwl by the reaction on the ollicn 
Such an appicnilus is ci^pable only of lifting and sustaining itwlf in 
the air; it can not move horissoiilally* For this movement it must be 
Hiipidicd wiLli n third screw, or proi>elkr, mounted on h horis^untal 
jisLi, This forms still another coniplication, for the use of csnly two 
sustaining screivs b a niinimuin deiieiidiiig on the weight of the 
uiachine* And since the si^te of the screws is limited by considera¬ 
tions of strength their TUiiubcT must be iiicreased, always in pairs, to 
four, siK, or eight. 

AI. Cornu in 1907 succeeded in lifting two passengers verticidly. 
Tootitain a liorizoDtal uioveinenl Ah Breguet attadietl to Ids machine 
cloth {dunes inclined al an appropriate angle, and it was thi^>ugb I lie 
reaction of the air from the veiiscal displacement on these planes that 
tluH appanilijs ^vas designed to move fnrwanh 

Lot us now evoinine the third sohitiotii tliul of the aeroplane, which, 
as 1 have said, is u comproini&e or a eomblnation of the first two 
Hystonis, 

in Llie aeroplane tho prinetpal parts aie comprised in an tnclimHl 
surface, and it b this incliniKl surface gliding nd a certiun speed 
into the wind that sustains the machine. Tlie total reaction of the air 
upon this surface resolves itself Into I wo componeuts—the resistance to 
horizontal advand.'ment and the veilicul thrust. These two fara'ss 
am proportional to the square of tlio speed of propulsion and the 
area of the plane surface^ Thii% if u given s{xfe<l is doubled, we bring 
to Iwar on a given surface area, a force equal to the square of the force 
at the in hull speech This is the reason for the efforts to attain a 
greuter spetnl, a s|kxKl which de|)ends ni^on tlie i»wei' of the engine 
Olid acrew of motor-propelled machines. 
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elementary theory of aviation, 

(AFMi M. Arsvoliiftud, Jff) 



B re^irtfttice of iJr per zuef^r. 

a s= mfftAiiLbj^ 

y om^iujiiLg dt^EeuxniuiH ia aim jOr, 

I JUliick. 

P -Si weljilit to be eofftAiiJOd and drl^^n forn^Mrl. 

/- hori^td catBponeiitof the ndjFtaace or tbe foroo oppoeod to borimiilil nmtioB. 
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By i;ILaLiiititicig V vaa haviz— 
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Fi=:UitiU Jnrce of moA-^ni^nt 

f'=fDrco fwittUfd to overcome redstiuice lo fuivancomoat 
K^Dcbuflidcint of re^justaoco of tho air to Adviifioui»i!±ntr 

g^=ld6&l BfUiHiAco corr&epoEulUitf to tonirowork, with tmUtf, rij^nff, avmtur ajid 
equipment* 
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dV^”K8V*OT>r 
Whonce: /=^. 


-aK'S'V»=0. 


PropolBlun crc4U» nod awomiiiiiiies BUfteiuitoc. 


In thifi conncctioa I 'wish to make dear nna frequenOy dispntod 
point in regard to aerial nayigatioa—Uiat is, as to Ute iitipor- 
tauee of the part played by the wind. As for lus the aeroplane is 
concerned this is reduced to a minimum. As a matter of factK the 
governing feature of an aeroplane is the speed of the maebine itself 
against the air. If the air produces a prt^suru that is negative, or 
of no effect at all, it 'nill influence only the borisontal dlsplncament 
of the madiinei the vertical displacement will depend always on the 
speed of the aeroplane itsell If the speed of the wind blowing 
against the machine is equal to the machino's own speed, the aeroplane 
will ruse but will not advance; it will fly and yet be stationary in 
the air. If there is no opposing wind, the machine will move hori¬ 
zontally at a rate equal to its own speed; if the wind blows in flic 
direction the machine is going, the rata of advance of the aeroplane 
wilt be the sum of its own speed and of the spesed of the wind. 
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This s(>lutlDti of the prKjbIpm is, ii priori, (jGttor liian that offorwl 
by line wing or screrw nutchlucs. In fact, in npplj'ing the priticipla 
of tlw i«cUnctI plimo, instead uf liffiiig directly tJic totul weight of 
(he Iiiiichtuc, it is necesKary to bring into play forces prot>orti»jiul 

only to oitf-dighth or one-Jifth of this weight. 

^id this iniichine wjts in a W’a.y a coniprfiniise or oiniliinattoii, 
IV 0 iiiid in it, in fact, both im unitatioii of uature nnd an intervention 
of artificial contrivances. 

If we observe the great soaring birds, such m llie vulture and lUo 
sen gull, we see theni often reninin motionless in the nir, their wings 
stretrlieil, or even glide forward without Uitiipiiig their wings. This 
IS trill! wily under wilain circumstances, utid is what we i iili ”le vol 
a la loile (sailing flight). It is really an optieul ilhisinn, for if 
we siilistitute for our eyes a ciiieniatograph cir iiistruiiicuis of stinlv, 
sudi as thoi» dedgned by Alnrey, we sLouKl !» aide, so to speak, to 
dis-wet till- lliglit of tile bird, find we should find Ihut the lips of 
the wiiip an- slightly moved from time to time, Tliese luovdjuents 
of I ho tips of the wings arc siipplrmlcfl in the machine by the ttcrew 
pntpcller. The propeller fiimishcg tha same propulsion as that 
wciiml hy the wings of the bird, Cousetinentlj', n maclmit con- 
stnieted in this manner, with n plane suitably inclined, mid a svs- 
teiii of motor propulsion, should be able to lift itself in (he nir. Out 
to lift itself is not cnougii; it should bt' cnpnlde of sustaining itself 
and of being guidotl; ami there occiu^ the question, would jaieh a 
imiehme eiiuip(icd mcneiy in tills manner innintidn itself in the uir’ 
No. it would not. for the air is efi^uitially moldle; the wind, even 
when It stvms mord constant, is made up of ludsations, of layers of dif¬ 
ferent -spccils. pressures, snd densities. So, considering merely Us re- 
jfislance to the ndvanc* of die machine, since this resUaiire varies 
in proimrtion to the deti-dty of the medium, tiie aeroidiiue. sijbjeeteil 
to these inrcssint fliicUiatituis of the wind, will tend momeutnrilv 
to change its slate of i^nilibrigm; it will undergo various move- 
menu, forwarrl anil liaekward. to the right and to il,e |,.ft, and will 
doubtless nipdAc. h'lirthenmm?. the stradiftit iitmoHphoric w bid-* are 
lilled with counter ctimnU If there in one principal current flowing 
ni n definite direclmii, logidlier with it are to lie fount! acressorv 
cum-iiU, oblique wiads, winds rising from eddies caused by oUdrue- 
tions uf the grounth and the uneven slopes of the earth, trees and 
honsiss. Th^ currents htriking ihe largi* j>lants on the side would 
h'fid to thr jniichini:'. 

TJiere an* thre^e nifivements to be guarded aflainst in at. aeroplane; 
pitching, rolling, anti a ttmlcticy to vcot uneapeetclly We imisl be 
able to guide the machine at will This quoation of liingjtudinnJ and 
transverse equilibniim has been n sotiret of tronhle to our nviiitors 
for a long time. And during the present year, itKJii. ayktore have 
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tjoeri divided into two sdinolR, t1]O^K.■ who fnvor the ssystem of gov¬ 
erned Ititij^liidinti! «jIIilibrium und those who [yrefer atttonmlic longi- 
Indiiml equUibriiitn. 

The school of giwTjrnotl cqiiillhriiun is ininle up of Ulose who rely 
ujMiii the pilot of tliE mnehine to overcome by constant iiiuncu^'crlng 
any oiovementa out of tlie line of perfee't balana?* Take for instance 
the pitching. TIjih movement, fonvawl or Imekward, so familiar on 
shii}ts)ar(l would teiul to make the machine shoot up or down. To 
overcome this pitching a movable horizontal mdder Is us^ed. This 
part of the appimitus iscompuswl tdmply of a miniature reprotluctioii 
of the Kustnining plane and is ijsuiilly placed in front quite a diatancs 
from the trenler of gravity. TliLi piano is pivoted on nn asis and con 
bo inclined ut tlio will of the jdlot. If the machine tends to pitcli 
downwanl. tho pilot, by merely iiirrcasing the angle of the plane, 
lifts the front part of the maclimo; the whole apparatus follows 
this niuvement and assumes a horizontal portion, which is the pusi- 
tioii of G^iiilibriunK 

To overcome rolling, the mitehliics, even those whose longitudinal 
Ifulance is a governed one, pncrally have u certain arrotigcnicnt 
whidi wo might imII automatic, cnilfodied in the [ingle made between 
ibe two planes following (he lungiludinnl axis of the machine. This 
angle reduces to a certain estent the amplitude of the oscillation. To 
overcomo the rolling movement flie aviator acts exactly as in the case 
of idtohing; he Inclines the wing on one -ude or on the of her. He can 
incline either (he whole w log by warping it, or perhaps only a poHlon 
nf it, the tip of the wing duly l»ing made movable. The governing 
motion is the same: if the machine begins to fall to the right or to the 
left, it is necessary only to give ii greater inclination to the wing on the 
side tow'ard whidi tho aeroplane is faJUug in order that it mav rijriii 

itself. 

To prevent unexpected veering, there Ls a tail in tho form of a cross 
w hidi acts like the featlim of on arrow and insures true direction, 

A machine of gov emetj evpiilibrium thus composctl of u plane and 
a system of motor propulsion ond of nn arrangement to avoid pitch¬ 
ing, rolling, and veering can rise and maintain itself in the uir, but 
it is n dangerous iiindiinc. To follow the very happy expression of 
M. Painlev^, it is a vcritiible tluirouglilirwl of the air'’ which iimls 
a jockey with plenty of nerve. The prinripiil examples of this type 
are tlie Wright, Uio Bllriot, ami the Robert EanauU-Pdterie ma¬ 
chines. The Wright tiiacbiiie. iiowever. although of governed equi¬ 
librium, differs from the ideal type that 1 have jinst pictured in that 
It is a blplone., 

Tlie real difference Iwtween a monoplane and a biplane, and the 
reason wliy Rome aviators prefer the latter to the former is because 
8S2a2—sii 1003-^11 ' 
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willi BiirfuiT uTica.s, the liliilnne is mudi eusipr to conslrugt, 

{^specially when, at> is the pnicliLo lo-tlay, ri|ptl (-nrfaww arc soiigLit. 
The biplanes nrc also more compact than the tiKijioplanes, ami permit 
the use of an equal area of wing surface with only half the spread. 
Furthermore, eqiiilibrium is pnservftl much more easily in a bipJaiif* 
The underlying principles of these plienoniena Lave not yet been 
completely OKplaincd. f slmM confine myself to recudling tho ideas 
of ('hunute on the cellular fonns (bipigiiu?? in oompnrtinents), iilean 
nppnmitly well foujided. Chaiuito holds I hut iin air ciirrrnl at high 
spissl confined by die walls or pliines of the apparatus offers great 
resistance to any luteml displnceuicnt. It is suitiewbat similar to the 
action of the gyroHcojje, or railicr the action is simibr to tbul in a 
hiisc from which water is rushing nut iit it great speed and whidi is 
difficult to more. The sumo prindpU's goreni aeroplanes. 

Another detail: We have said that aempriineb are austaineil in the 
air by means of ]dane surfaces. This is not aljsolulely accurate, since 
the stis^ining fnirfacia, viewed in section, show a eliglit cinr'e. This 
cuiwe is the result of ex[)ertinent. It ivas found that the U'st fll^rhts 
were ditained when the wiiigt cut the air ivquarely with their front 
eilges, and when the resistance of the air was used on surfaces inclined 
gradually in greater degree. Air is so complex a trudiiim and one 
that we really understand so little that it Ls only hr long and careful 
e.\|)eriinent that the proja-r curve of the wings has been ilelermined. 
The lyright brothers and the Volsin hrolhers .H[>eiu several ycum 
detemiining ibis question. The Voisins experiuicjiled witli a power¬ 
ful di*ctrjc fan, capable of generating n very swift current of air, In 
front of whidi they pluwd linen surfaces monnteU on frames witli 
various rnrveo. They weighted iliesc and then nietiiHureil the reticlioji 
of the air current on ttie surfaces. Tins metlioil of cxi»riment 1«1 
them to select the degree of curve adopted on all their machines, par¬ 
ticularly tho!5i> for DclBgrange and Famiuii, 

l,cl ns now exaiiime the working of the Wright nmddnf!. This 
machine is of the type whoso balance Ls goTcmtHl Iry the pilot. The 
aviator has in Ills hands two levers. T!ic left one wntrols the front 
Imliincing planes, or horizontal mdder, and this lever is coiiatanllv 
in motion. They arc movements of very sliort amplitude (Wii centi¬ 
meters forward aiiil IW» centiiiietcrs backwsrd, a total amplitude of 
only 70 centimeters), and that is sulfideut to govern the pitching 
tendendos of the machine. The opi^ration of this requires an atten¬ 
tion so close that the lead slip would he fatal. It 19 similar to oiier 
ating the handle liars of a bicycle, moving to the right or left to 
n:lain the balance. The right-hatid lever controls tho vertical rudder 
and the warping of the wings. If the miichine leans to one dde 
the operator increaws the inrliiiatioD of the wing on that side and 
this rights his machine. The simultaneous movement of tho n-ar 
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verlii’al j*iichl4T tlic frum dialling \ts direction, 

tis it would tend to do on account of the ^■cntcr iv^ii^itanoc endured 
b\" the win^ that m wurpcMh 

(imit fears of fatiilitiai were exjjresse<l wheti experiments in 
avititioii were fii-st iiiiderLuken, nrnl 1 have fix^ueutly Jicard well- 
mean jM'rwjfis say: But tlicit; k iip futnro for aviiition, liecmiKe it 
is so lian^itjus. You can rise, Init you ran riot descend; ytiti timj" 
ride in n machine sustained in the air only by virtue of its great 
spt;ed. To des^nd^ yon must slow* down, ami since the machine will 
no lunger l>e sustained in the air, you will fall. Even tlmugli you art- 
flying only at a mcxlemte height a caliistrophe will surely irsultn 1 f, 
on the other hand, h^" iLsing your horimntal rudder, you should 
iipprnnrh the earth, your still being 70 or BKl kiloinelers an 

hour, wlieii you reach level gixuind your aerfjphine will come in 
\doleiit contact with the earth, as an imtomoliile would smasli into a 
wall. In any case there would be it cntaHtriiphe/' 

Expt^rieiice Jius proven the falsity of (hasp fears. .Xeitlicr one nor 
the other i»f lliese methods of rlest^nt is ndied on exclusively. The 
aiigh; of inelination of tlic plane? is diniinishiH] at the same time tliEit 
siK«ed is ii:^ni-iL ami thus descent is made gnaditally, until at the 
last moment^ with a sligiit lulT up iti the iiir, the machitiu alights 
giuitly, like a liird, oil the grounds 

]*hx>in tile statements of JL Ihiiulevc these laudinpi have lieeii (luilc 
sure, quite gentle, and at the same time initdi more easily insiompliKhed 
than certain balloon Inndiogs of which 1 Ijear sad reculIeeLions. 

The second ^school of experinjcntei^ those who prefer automatic 
lojigjLiuljiial equilibrium, has ns its prim ipal exponents iJie Voisin 
hrothens iwu men who may truly Im? ratik^^l among the creators of 
the sciouoi^ of aviation in France* The followers of ihis school have 
taken upfstj thcin?5chT^ to prtidiico a macliino which by its form alone 
will lj^*stalde and will autcMiintirally retain its iiosition of eqiiilihrium^ 
Tlicy have attempted to realiiu; this ideal so far as longitudinal 
equilibrium is cnij(”eni(.sl by the great longituilinal spread they have 
gi\ eii to Ihdr mudlines. To sccurt; transversal etiuilihriiim tliey Iieivc 
utilixeil quite happily the ideas of Chanute and Hargrave, cinbKly¬ 
ing tlio use of compartmonts. 

iSantw Huniojit, first of alh had an appamtus built eomposcil of six 
sitstainiiig rampartinents and one compartment for steering and bal¬ 
ancing. but the large nuiiilier of vertical sides was suporfluoiis* for 
these serve only to make iJiifi niadiine more stulilo and do not aid in 
sustaining it j consetpiently they aix dead w^eight and This 

school has retained the general idea of if^untos Dumont, hut has 
gpcatly simplificil it* tor instaiiciu the principle of the compartment 
is still found in the ^ oisin aeroplane, but the compartment is reduced 
to useful dimcti^ions, We likewise Qnd the diaracteristia buluiicing 
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tlio qiiL^tiuii of ihq ^fiirfao? ntva of is on 

tniil oiu^ *Vs Jti till? Hn.iiti:>s DnmoiiL typ^^ it is plHci^d widl to tin* ppiir 
of the center of biiL it is It ’would uppciir thiit in this 

class of machines then? is secim-d [M?rfe<rl automatic stubilily. There 
iin» no lateral <iscil!rttioiis- liven at speeils nf 70 kilometers an hour 
the balance remains perfct?t, Hisiee spot'd itself enhances the stability^ 
Some e;t]ierimciiters. however, still oliject that ilnj compartment offers 
u fffeat resistance to the turning of the tiiaehme. 

Ilk Lliifi enimeclioii T l>e^ leave to reeiill the following iriculent: 

\^'right Is not the only arintor who has made llights w ith a fellnw- 
possengiT. Krenili uviiitot^ have carried passengers on sn^veml oc- 
casiiftis. Fiinimn in particnlivr. at (rhent. made a ihght of 1 or 2 
kilnmeters with M. Avehdenron* vLce-pret^ideiii of tlie Lif^ne a^rienne. 
At Monnncion Fannan re|a-ated this exploit in company with M* 
Pniiilevih akhmigh in tins case, owing to lack of room, M* Puinleve 
hung onto the fmine and, as he says, nearly on M, Farm tin’s l>ack* 
In spile of the nhnomifll ixisitToii of the pai^s^engcr, however, the iim- 
dune pFCSorveil a iK*rfLNrl ec]nilibriimn 

It is much cosier to mnnopc this nuichiiit! thnn the one wh<jsis equi* 
tibriiitii is controllc^l. since we Ikivo here only the fixint bn lancing 
ptnncs nnii the vertical nidJer to inanipiilute. Them arc no levers, 
blit n simple uiiloiiinliile steering wheel moving in two directionii-HinH 
of rutRiion. which governs Ihc vertinil rudder, and a eliding forwnnl 
nnd iKU'kw'aril in ii groove of the whole eleeritig gear to gnvem the 
frnot horizonliil rudder. There Is nolhing to do when sailing stmight 
alu-iid. and it is nwciwary to iiso the haltmeing phmes only to rise, 
'i’fi dcscentL one slows tlie engine. 

This is a tlieorctirul deiiioTLstration. In ncttial pmctice those who 
have mil ij aged these inn chines lia^e certainly cvidenocil great cooliusa 
and hni-e accomplished n very delicute task. The delicacy of the 
task is cniiscil chiclly hy the poor net ion of our present-da v motors. 
As soon iis the ideal motor is attniiied the French aviators m'uv seettre 
ns s:itisfni:toiy rwtills ns the Anierieuns. It is hardly prolmhlc that 
we shill] wilniTss any agnicment lH<twecn the two echmils of aviators. 
Ill fact, those wliu fnvorguvcrnwl ei|iiililiriimi have n-uliwd ii niiichine 
whose night i> iiiinlogrHts to lli.at of ii hini. while thow who prefer 
ntitciiiirttic iHiHilibriiiin an- arriving neurer the fnrm of fliglit of an 
arrow. Each cks of ejiperimeiilcrs has striven toward a dilTcn'tit 
ideal, nnd each has secured ti satisfactory result. One cln^ should 
not lie iriticiscil to the detriment of the other, but iKith should bo 
prui^^^vl without reserve. 

lire Wrights iiiul the Voisin brothers ore not the only aviators for 
to-diiy in France they are so niinicroiis that it is impUilile hero to 
Dome them nil. New ex^rimentera come to the front dailv each 
fillwl with laudable enthusiasm. Certain names, however, force thorn- 
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selv^ upon our attention: Tliat of M. llobert E^^nault-Pflltoriet v^'oLl 
known for liis monopinne with wurpsiblc win^rs, und for his excTellent 
IE, E* motor* and also the niinie^ of ihu untiring Bleriot, of Gostaiu- 
bidOf of PisrhoJf* and of Zens, 

Among thos^e experimenting wiUi Inphine^ I may mention Dela- 
grange, Fanimn* Ferlier^ w^lio with a l&OI mnehtne neverlheleffl in 
1908 won the yiinl prisse for the SOO-iiietens contest at Issy-ltj^-AIoli- 
neaux, (3oupy wdth his triplane, nnd llnaliy SIoor-Rrnlwt^oni in whom 
^hoidd be placed the grentcst confidence. 

The balance sheet for the year lOOS shows great ndvancenienh It 
Was only on January IH that the record for a kilometer was established 
by Farm on at Issy-ltst-Monlmeaux, in one minute and tiventy-eight 
Siieconds. On March 2^ be beat bis record for 2.004 meters in ttiri^ 
miiintes and thirty-nine seconds, Delagrarige^ on April 11, at Is^y, 
covemJ 3sS>25 meters in six minutes and thirty seconds. Then he went 
to Italy nnd twice in snece^ion—on May M and June 22—flew' for a 
quarter of an hour. Tie returtied to France^ tvnd after a well-earned 
period of restj during which Farman in his turn broke the nNNird for 
It quarter of an hour (prix Artnenguud, in July) Jie lowered—on Sop- 
teml>er ut Issy—24,125 meters in twenty-nine minutes, fifty-three 
and three-fifths seconds. How barely he missed a half hour I 

Delagrange is? n veteran aviator, lie had Ihh machine built in IbOG* 
On three Of^easions he has made fligliUs of a quarter of an luiur, even 
before Fnrnum, a half an hour at and sinee then he has on three 
ocatT^ioQs flown for liulf an hour, twice breaking Wright^s record, 
when Wright Jengtheiierl the time of Ids flighty 

Wilbur WrigJit, us is well known, liegati his flights in France m 
the middle of the siimniiw of l\m, uiiil in his fiix4 trials prove(I 
himself a master* It is true that he has e^xix^rimented a long time, 
hilt wo should liow before Iho commendable spirit he has shown and 
admim his jatR^weranee and eotirage* Mi>ro. recently Wright flew for 
two hours, iroveriiig more than 100 kilometers. 

The greatest homm at the etui of the year 190^ will probably not 
go to Frcuieh niaeUinos, but they liavc a^rcomplishefl so much,, and 
have made sudi rapid progn^ that we can well have contideiice lu 
Lhciiu Dehigrange covered 24,125 metei^ and Fanimn 21,000. We 
may ^^y, in giuierul, especially since the two adnurahlc flights of 
Farman and Bl^riot, that aviation has now becouie a pmctical 
science,* 

* since tltc Ufst piibllaitlefi tbla jtei^r ear have aiddI^ 

fiiinUeil. AHboiazh ttie Volala bliiJiiiihHi bave not aaccewItHl In tic^tltia the 
tVrlKht recnnlK, they bnve leaet iirtived tliolr warth Ui ilany lUjaus Yaryln^ 
frusti JE^ Ui TiO ailoiiaeterv. Tin* trio In nf Santos l>i]aKai t In klfi n<av small niunii- 
plfliiiLs Iji LIbelliile, aliDuId alao l>e uietitlDnod* ap well as tku riMsuarkabto m\;Mv 
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Thi're ure still, to lie sure, certnin important questions to lie settled, 
among others that of proper motors, n subject in which automobile 
maniifacturers have not as yet taken special interest. More attention 
is now, however, being paid to niolors in ['mnee, for the advent of 
the motor used l>y the Wrights lias roiisecl us fr<im oiir apathy. Thus 
far we have only seen at work the Antoinette and R. E. P. motors. 
Renault has built an air-cooled motor which still needs ceiinin im¬ 
provements. Tlie Dtithcil, Chamerj, and Anzani motors arc also de¬ 
serving of mention. 

Finally, at tlie e.thibition this year there was opportunity to exam¬ 
ine some new models, w'bieh in jirineiple seem interesting, but of 
which nothing «m be said until we Lave seen them actually work in 
the air. At pris^nt the motor question remains to lie settlaiL and 
suivly will be in 1009, It Is the weak tifiint in French flying 
machines. If a machine can fly for S4 kilometers, with a good motor 
there is no reason why it should then stop, uniess it l«‘ to renew the 
supply of fuel, oil, or water. Our motors, howei'er, so often fail 
through a tenelency to miss the spark, or through the breaking of a 
valve, or ilie heating of a bearing. As soon ns nur iiiotors for flying 
ninchines are fl.s perfect as those used in present-day aiitomobile.% we 
sliall be able to fly at will. 

And this is not alli we sliould likewise secure a more eflicient use of 
sustaining surfaces. ^ We should keep constantly in mind, following 
the ndiice of M. Fatin, the fact that the aeroplane is u pinjcetile, and 
shonlij strive in every imsdble way to decrease resistance to progress 
through the air. In the ueropltme of Sanlos-Dimiont, built in TkOfl, 
there was used a motor of 100 horsepow er, Voisin had one of fjO hnrse- 
power, Roliert Esnuult-Felterie one of Ao horsejmwer, and Wright s 
engine is about the aime power. M(v«rs. Koechlin and Pisdiutf have 
succeetled in lifting a monoplane and ifci aviator with n motor of 
only ]«> horsepower. Tliese men are now- building in their shops tm 
aeroplane whieh slrnuld fly with a IS-horsepownr motor. We tan not, 
however, Iw certain tliai it wull rise, thongli the principle is correct." 
.-Vl any rate, it seeims probable that the aeroplanes of the future will 
1 h^ driven by motors of nol more than 20 horse|aiwer. 

The use of such higli [lower is at present not advantageous, for the 
propellers are very difliouk to const met, and they undergo a very fast 
rotation at si^eds generating a centrifugal force that occit.iiona]ly 

In Jlaj. itKKl. at <^aIoD>*. of Liitliaiii, wliu, wliU tiFa yery mcccaafu] meodplana 
.\Dtolni-lte. from the Lerutnaocar actoiuiinsiiiiil ni^lHa over ati bnnr's 

iliiruttau, at an nverace sii«hI nf W klloDUL-ii ra tti t»ur, darfug rain Mifimia atid 
henry wlialiL Hla ninclilne, of 50 liorafinjww, nad carrying one or two ™». 
mitntera, Li tlu? mort effleTent nmcblno we now have. Mtfriot nt the preaent time 
!a try Ini: wit a luuehliie for fmir laucMnKeni {Jtiu,!,, iwni), 

"Since been tried at JuriiQ- wltbaut ereat auoceaa Utine, moo). 
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plajs havoc with theni. The circular tracdon^ even in a light-weight 
propeller mu^ be enough to shutter it or to te^r out one of hlades. 
On the other hand^ this circulur tnictioa gives a great rigidity to the 
materials nsodi inasmuch as the speed of rotation^ Iwtng considerablef 
pcrmit^i the use of projAdleTs of very thin wooden blades, or of sheets 
of iilununuiii so thin that at rest they are actually supple 

M, Chauviere has specialized in the study of this phase of tha 
question* He has built propellers of turnet] wood, that are quite 
novcL 

Thia^ bowevpr, is not the whole problem. At pre.^nt we are using 
propellors with short pitch and a high speedy which do not give 
good results. Judging from oiir experience with stemnship^^ this is 
becuiise the short pitched propeller, turning too rapidly, ci’eateii a 
neutnil space or vncuiim in front of it and therefore does not take 
full hold of the medium in which it turns. In water it turns in 
its plftcai without hardly advancing: this is what is called in French 
the phenomenon of cavitation.'^ If the pitch Iw increased, there 
is generated □ reversing force which can not neglected even with 
the grtiat inertia of aeropkneSn On the oilier liand, without altering 
the jiitdi of the propeller the efficiency may he enhanced by increasing 
its diameter, and the consequent volume of air upon which it acts. 
But here we encoimtor still another difllculty that arises from the 
necessary {Ki^ition of the driving apparatus in the flying machine, a 
position determined by other mechanical considerstiori-^t aiid this diffi¬ 
culty is emlxxlied in the fact that a ijropeller’s diameter must be so 
llnutcd that it will not touch the earth when the machine is on the 
ground. 

M. Voisin, who is a$ well informed os anyone on Ihis subjeclT has 
meiiliuned having ncrticeil in single long-piiched prtqiellers, a partial 
elimination of the revensing force by the reaction of the spiral of 
air on the posterior trompartnlent of the aerophine; liut neverthclefia 
there is a marked tendency among iivintot^, which will probably l>e 
i^enlizcd during the year lfMH\ to use two long-pitched propcUcri 
turning slowly* 

To come into [xipnlnr use, the aeroplane should tiatisfy three n&m- 
sarj' cemdilions. It should be easy to manage, it should not lie tw 
expensive^ and liually it should be (if some aetiial service. 

0 may already say Ibat the machines are not extremely difficult 
to manage, and that, therefore, Ls not a conditioir iit which we shonld 
siftop. M. Delugninge is a sculptor; ho hatl never had exjiericnco in 
aviation and yet he quickly attained very satiiifuctory i^ults. And, 
if 31. Voisin is to he bdioredj JL Moor-Brubazon made even more 
remarkable a debut. 

Apprenlice^ihip must certaiul}* Ijc longer in the Wright machine. 
Mr, Wright has uudertuken to teach pupils in tkrea mouths^ One of 
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thesp piipilst tbfl Comte do now iitRlet^aitds the working 

of thp Qppttmtiis^ but ulwjiyM makes his I lights in ixiaipany with 
Wright^ who has not yet dufcd let him fly tiloue.^ It is true that 
with this type of mnchine^ there nitLst Ix^ accuracy of mnnipiilation 
out of the orcliOQry to avoid ever-possible accidents. It is to bo 
noted also that the Wright oiaehlnes have not yet flown elsewhcro 
than over open 

A? to the cost of the niuchiiu^ it is at once evident that aeroplanes 
wiU be luiich less expensive than ouLornobiles^ for all tlmt an aero plane 
needs are surface ureas of cloth or of aluminum^ a motor^ and a ]>ro- 
peller^ Tlicrc sire no complicatetl gcurs made of special steel, for 
changing the sjieed and the cliflerent1al| and there aro no expensive 
pneuniBtic tires. 

A machine nf the Wright and Voisiii model now costa 20/M)0 francs, 
or ahout $4,000, but this [>rice msiy be lowerKl. Coinpctilion will 
contribute to reduce the cost, and we already huvo manufacturers who 
undertake to fnrnisii machines to he delivered after trial for o.OtK) 
francs, or $1,000. I believe that Uiis will be the common price for 
most aeroplanes in the future. In order, however, that aerophiucis 
may be of rrnsonable cost, there must be a demand for them, and to 
create a deuuind there must l>e n msjd fur therm 

From now on* from the punt of usefulness, it in evident that flying 
machines will rcnflor extra ordinary service* They W'lll permit direct 
and rapid turns porta t ion anywhere* and one need no lunger hi^sitate 
to visit laiidH that to-day ate diflficiilt 4 ^f * • » Direct 

transport at ion is evident for there are iiu ohsttich-^ in thi' way; hut as 
to tha possible spcofls to he attained, ttiat in an 4ipen tpiestiom 

It is certainly |M>ssible to obtain grt«aL jqxjedi^ with an aero^ 
plane. The at-lioii of an Uliniitable forect that of gravity, is at our 
djsf>o«nl as fjoon aii the imiibine is lifted al)ove the gnmnd, mid 
it is always possible to csuivert into speed llie nceumulated potential 
energy^ which is proportional to ihc weight of the machine and the 
altitude attained. 

At the present time tho niflclnnes do not rise Iiigli cnoiigli to apply 
this niethml of conversion of power. Tlioy iiiovo forward only 
throiiffh tho speed of their propellers, BUriot has thus reached 70 
kilometers ati liour, and Farjiian 7$ kilomeU-is on hour. Tlicse are 
tncdiuin speeds. Bhriot has attained on certain oorasiff iis speeds 
greater than lOO kilometers an hour. During the year IJMK) we shall 
certainly realize the speed of 200 kil ometers an hour, and ten years 

•tjinitteit bHfl fllnce (Jown alooft |ji n nunttiT aait lian 

Odwn for nwri* tLqii aa lirjur; fafU. ,1^ tttninlvllk- wt-ll. nnd tieWrantiL- H 
l«rnln|i. 

* Hubvn Ijiltmu IB tcamlaa iivlEitlou to cstirlon- AfrSwi.—June, i[Kia 
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from how 300 kilometers niiiy be utiiJiLined. These figures* are those 
of il. Painlev^ij member of the A<aidemj of Seieoces. 

There remains to be considered one other important question. It 
is not enough that machines bo inespenstve^ for if there be too great 
risk to safotv people will not muke use of tliein. There must be ri 
certain degree of security* I hove heard it said: “The aetoplpue 
has madti trips all rights hut yon are at the mercy of your motor* 
Wliat will bnppeu if your motor fails to sparky n thing which is possi¬ 
ble atony moment? Suppose you are Hying over a cityj what would 
you do? ” The aeroplane^ say some pe^son^^ slionid therefore fly only 
above rivers^ plains^ and higliways. What intere^i would there be 
under stidi liiiutarionsl 

As a matter of fact^ if the motor stops acfcidentall>% the tteroplane 
does not fall; it dcs<?ends as I have along the line of an inclined 
plane^ and tlie angle at which it will dfscead depends largely on the 
perfection of the machine and the skill of the pilot. We can admits 
generally^ that tiie ratio of the heigiit of the fall to the course covered^ 
measured on a liorizontBl projection is at^ont 1 to and within a 
year the ratio of 3 to 10 will Eurely lie attainiHl Tliiis the ueroplune, 
atopjMud at a height of 100 mctei^t has at Icust five or six hundred 
meters to descend in, not only directly in front but to the right or 
the left. The ninchine will ilierefore Ik in the center c^f a circle of 
at least a kilometer in diameter. It would be quite extruordimity if 
n suitable place to land could not Iw found wlttiin such limits. (I 
do not include the hypoti^csis of souring, which is beyond the scope 
of this discussion.) The answer simply in, that if there in fear of a 
failure of the motor in crosifiiJig over eilies one shotdd keep at a 
reasonable heigh L » ♦ • 


^ Nut yei cuttaraiiU by exiwrliacun^—June, T.KK), 
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The discussion of the theoiy, practical operation, and possibilities 
of iTirclesa telephony is facilitated by first lirietly cooslderini' the 
history of the devetopnient of wireless signaling genemlly, 

BKIEF HlgTOiiV OF THE DEVELOPilK*ST* OF WTKEt.ESS SIGNALIXO. 

IntriMlweiion .—In preparing this note it has been considered beat, 
for the sake of accuracy, to refer to published results, such aa scientific 
articles or thcfies or patent specificationa. For the sake of brevity, 
references to work done in repetition of previously published work 
have as a rule been omitted* So far as possible, the ojcpression of iier- 
sonal opinion has been uvoided in this section of the paper, the object 
being to gather together in concise form the fueta known in regard to 
the development of the art. With the exception of Munk's origitial 
paper, which could not be obtaincil, all references have been verified 
by consulting the original publications, a work of some labor, and 
if any omisaions or mistakea have been made, data for their correction 
will Iw much appreciated. 

Orioin and Devkuu'mkst or Out oa Damiw Wavf.htoiiebeb ItETimn 

(cERioo iS:iS-l8fJ7), 

Joseph Henry, to whose work the devclupnicnt of wire telegraphv 
owes so much, was the fin,t (183S-1842) to produce high frequency 

“ fTupjfrtittit. lOOe. hr A- L E, E, Re|>rlnt0dH Ity permf^oD, frciin Proewil- 
Injiit of the Aaierlcao Institute of Etectrlcal QisUiecrOi Vol. XXVIL No, T. Jnij, 
1008, New Yorh. 

•A [porjer |ipewnt«l nt the Twentr-Aftb Atiaunl Canreniioo of the Anierlmn 
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eleclricfil oscillntions, nnd to point out and cxperimt'jjitallv demon- 
strate the fact thut the dii-dtarge of a wudetu^r ia under cortain con¬ 
ditions CK^illatory, or, os lie puls it, consists *"of a priudpid discharge 
in one direction tind then soverai reflex actions backward and for¬ 
ward, each mom feeble than the preceding until etjullibriinn is 
attained,”* 

Tills riew was aim later adopted by Helm hoi k,* but the mathemat¬ 
ical demonstration of the fact was first given by Lord Kelvin tn his 
paper on ** Transient electric ciiri’cnts.”* 

Ill 1870 Von Bessold discovured and experimentally demonstrated 
the fact that the advancing and reflected oscillations produced in eori- 
ductors by a condenser discharge gave rise to interference phenomena.' 

1 rofs. Lliiiti Tiioinsoii and L. J. Hoiistou in iSifi made a number 
of experiments and observations on high frie<[ueiicy oscillaiorv 
disci I urges,* 

In 18S!1 Professor Fitzgerald suggested at a British AsBoeiatioti 
meeting^ that ciectromngnetic waves could Ik* generated by the 
discharge of a condenser, but the siiggestioit was not followed up, 
possibly iieeuiise no meati^ were known for detecting the waves. 

Hertz* discovered a method of delecting tojoh waves bv means of 
a minute spark-gap, and before March 30, I88S, had concluded his 
remarkiihle scries of re^arches, in which for the ficbi time etectro- 
mngnelit' waves wen* nclimlly iimditci'il hy a spark-gap and radi¬ 
ating conductor and received and dctected at a distance by ii luneil 
rtsadving circuit. 

Hertz changed the frLi|iiency of his nuliulrd wart's by filtering the 
inductance or ca|Micitr of Ids mdiating conductor or antenna, and 
redeoted and fociiswl the electromagnetic waves, thus demonstrating 
the rorrcetness of Maxwell's electromugnetie thofiri' of light, 

iKalge later in the flame year read a paper on the Pixrtcction of 
htiildiiigs from llgJitning.'* Iiefnre the Society of Arts, in which 
he dt*i>ei-i1ie(l u ntiiiilK'r of inlcreating ex[)erimeats on oscillutorv 
disdiafgeH* 

fSrtat interest wm sscitod by the ojtjM^rjnients of lUvtz, priimiHly 
OH flC'coiJHt of thdr immense seientific iinportiirice. It wns not 
however, before scYeml eminent sclentista [x^roeiveti that tho propi^rtv 

^Scientme wrltlji^ of Josepli Henry, amitiiHoaUm tiwtitutloiu 

^Uclmtiolx, HrJi4i3hjng Uer Knift," Berlin, 1SJ7. 

* Kelvin, PliJlDsnpliiciil June, IS^ 

Bezoifl, Pij|fKciii]tirir!i Aiuuilea, ]*w>, p, m], 

' Jonnuil B'ranklii} Tiifttltotr^, Anrll, vfuik 

^ n metLoil of pHulmj-lnij vJociroiiui^ic^tlc cllMtuiiHinc^ of 
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possess^ by tho Ilertx wavfej of pussin^ Llirotigh and unites 
rial ubestades made thcai particularly suitable for iis« for electric 
^gtialitig. 

Prof* EUhu Thonistm, in a Icrtttn? delivered nt Jfsiss^j on 

“ AltertiHliijg currents and deetrie wnveSj^- in 1880 , siiggicsiCHl 
thk use. 

Sir William Crookes in the Furlni^itly Review for February, ISO‘2, 
discix^^setl the matter in ^ine detail. I quote Ids statement in full, 
as it allows wlint n clear conception he bud of the [>o£5sibjUtietff and 
ohataeles to l>c overi,*f.)nie t 

Hero I? uafalded to a new naU aFtonleblni; world, mho which It U harU to 
catir^lvf! uaoiikl mntala nonii^lhintk-ttaf tniincunttlii^aiid ri.-eeh'hi^ la^clnaen^x^ 

Rnys €f ll^bt win not ploroe lkri>u|fli a walh fiur, jia we kaow only too wc^h 
tliroG|;lj n Ijniihiii RiO the rSrtUrScal rtbratloiia ot a yard or more In wave 
length of whioti J liave ^itokeik win ^Sorre muh niodiiini, whIcU to them 

win he trstUHiKiPiMit, Hem flwaip Is reveal Jed tlie hewlTtJerLag l^osslbllltj of 
teleirrauhr wUhtalt wSr+^s, cablt^, or any of our iin-iwnt eiwitly ani>lianecs. 

iitanled a foiv reiiaoiaiihle |iOFftii1ate$i. tlic whole ihlnif eoau^ well within tho 
realniH of pwalhJo fuJailment. At Lho present Unir exiJorEiuciitAlists are able to 
feiieratd eleiUrfcal waves of any deslrcil wave loji^th froiii a few fuel upw^anl, 
niid fn> keep up a miecessioa of such wave's m din ting Liito H|kjioo In all illroctloiiHi 
It hi pfimdhJe, too, with sooie of tlioao rays. If not with alh to refraet them 
Htnuigh smltahTy Fliai[»ed bodies aetlni; as lense^a, and m direct a olieaf of rays 
In any dlmcl Eim; eopnrtouu leoii-siiialH.'^l of pS lrh a oil Klmllar iKHUes 

Imvn bcK'H tisect for thJs |iun>use- Alsu an oxperJjtueaiiitiHt nt a ilistmii^i'! cau 
receive S4mke+ if not alJ^ of Miesa mys on a pri>por1y eonetLtuted instramcnh and 
by Vuiti.-ur|eil signals mL>ssagcs In tho ^forso eodo can thus miss fokcii one 
to aaoiber^ IVhatp therefore^ renialuji to lie dh^^^ver^>tl In: Firstly, t^linpler and 
mom rertpiliq means of genera ling eloetrleul mys of any di'Slred wnvo length, 
from the iMiortcftt. s^iy of a few feet In length, which will eindly |ub 8 through 
bnlhUngH anil fogs, to tlim^o long wave^ whoae length b are measured J^y tous, 
hundreds^ and thomjaneba of miles; secundly, more delicate Dix^elverSi which wilt 
reitiHind ta wave lengtJis laotw^oaii eertala lltults and la* client to all 

otherB; thlrillyt nicnna of darting the fihf!iif of tisys In any dei^lred direction^ 
wlicther by leu^ea or n*floctors, by the help of wldrli the senHltlveness of tho 
receiver tapn^renlly tho intuit dlfhcialt of the ptohlems to 1 m? i»lr€<l) w'onld not 
need to be bo dellcnte an when the tliya to tie picked up are Hiraply radLatlng Into 
spiieo tn elIL diiectlono and fadhig aw^ny according to the law of inverse stiuaresL 

I aEHuuiD here that the of ElbgMivczy would give iDBlrunmnUs cujiably 

of ailJuslcLHMjt by turning a screw or altering the 11^^111 of a wire. na tci 
beot>tau mvptivo of wave Lengths of nay prwnuHTlcd lengtin Thna, when 
ndJoBted to 5 fJ ynr^bi, the t ransmitter lalght 1*0111:. a ml t he n^vlver refliKmd to, 
mys rarylng between 45 to Ev 5 yartlii nnd be silent to nil otliers^ Conshlerlng 
that there wouM lie tbt* whole nnigc of wavea to cbtKiee froiOH varying from 
n few feet to Siwernl thEMiKind tnUcs, there would be (nilhelent rtecrecy, for 
curiosity the moat Invettmile wuiihl Kiin*ly recoil from the task «f passing In 
review nil the millions of [KtAdJde wave koagtlis on tlmr remote ehaoco of ultb 
mutely hitting on tho |»rtlLnliir vmve Jength employed liy hla frlomts whow 
correatkondenco ho wltihrti to to.71. Hy ^cmlltkg" ihe nicssnge oven thi-^ remote 
cbatice of mirrepUtloua zitxayJug could 1 h* nbvUitod. 
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Tbla IM no mure drmm of a TlsEoiiKty iihilDcoptter. All the rftjttlnttfn needed 
to hriiiff $t within llw pmsi* * of dnlly llfo are widl wllliln the iKMailblllLlta of 
illifcsiverT. and arp ao rniBoiuible and no dcoflj: la the path of researelia* whlrli 
ore now Iwlng uctlTelj- proiwciited In avvty capital of Enpopc tlmt vre luAj any 
day esjiect to hoar Unit they linvc cnteri^ from Uit rnilms of speeiiliitlon Into 
those of Bobof fart. Evou now. Indoed, tslcvraphlbi! witlioiit wlire la tKwalblo 
within n rcatrloll'd mdiun of a few liundrcd yards, and ooiuo yeoro afin I aMisted 
at PtiMrluiouis whom mtwesens were imnsmlitcd ftoai one foirt of a bouse to 
atioUicr Hltlioui nu laterrciiLa); wire hy nltuost tho Idciitkiil tueatia here 
deKTihcd. 


TJip stateniGnt m the last parngnuyh of tlie quotaticu refers to the 
work of Prof, David E. Hu^ihns.* 

Professor Dolbear niso suggested ilio Bamo tiling in nu arlide in 
Donahw’s Magazine, Miirch, iSoa, 

In faot, the idea of using IlertKian waves for wireless telegrnpliy 
seems to iinve been quite widespiead in the years unmediately fol¬ 
lowing lloHit's publications. 

Fnirly efficient means of generating cicetromagnetic waves of nnv 
deairiyd lon^ had bwn niadt known by Hertz. Vertical antctiiiBj 
connected witli tiic ground had lieen previously iissetl for sending mid 
receiving hy DoUwar in 1882 in coiinection with hiB system for tele¬ 
graphing by electroatatic induction > and also later by Edison and 
others. 

Hertr/s receiver, the minute spark-gap, was not suited for wireless 
telei^Hphy, and before any teJegruphic work could be done a suitable 
reeei^'tr Imd to bo found. 

The fact that tubes eontaiiiing conducting powders had their 
n^istance altered by tho di.schargi' of a jar and that the 

original resiffUince could be restored by tapping the tube was liret 
nnted by in 

In 18D0 Branley fliiowod that such a tulie would respond to sparks 
produced at ti distance from it.'* 

In 18?)2, at a meeting of the British .rVssQciation at Edinburgh, 
Prof, (ieorge Forbes suigested that such a tube wou]<l respond to 

In 1806 Prefeasor Jfinehen demonstrated experimentaUy that siteli 
powders would respond to electro-niagiietic waves generated at a 
distance,* He used a battery and galvitnometcr shunted around the 
pciwflur det^t the effect of the wjives. 




■ yor report of tMif work Bce HlectrlcUin+ Mny 1SJ>0, 

^DollMMir, UDittMl :^laLtes pnLiait No, 3,larctL 24 

*8« Game “ Cssberer nctleti," Tf«UM«loiw of the Jhteoiatloaal Elretrlcol 
Ctasico^ St. la>alR. liW, p. JJ.mch, PofteenOartT Aan.. vpi 
J Bnusley. Csmiiitea lUfulna iNuO, ji. 78,1, (luii ispj, jj, go, ■ > i 

*llUiclifji, Prwcedlntps Phjstail Society, LomJon, jsb^ 45;;^ 
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Sir Oliver J. Lodge on June L iSm. delivereti n lecture liefore the 
Royal Institution.'* In tlik mnurknble lecture t.iOdge dewribcd 
among other things the following; 

1. The filings coherer 

2. The filings coiierer in hydrogen imder minced pressure (this 
in a note added July, 

fi. The niitomatic tapper twiok for the coherer. 

4. The metallic reflector for focuiririg the wsTew. 

5. The connection of the coherer to a grounded coiiduclor, i. e,, & 
gns-pipe syKletn. 

B. The tiii'thod of making the coherer eo oomiecte<l respond by 
setting up oscillations in a sejiarate grounded system, i. o., a hot-watoV 
pipe systeitn in another pari of the building. 

7. The nietliod nf detecting distant thilridcrstonua by connecting 
the coherer to a gronnderl gas-pipe system. 

In this lecture Prnfpsaor I^ge stateti that in his estimate the 
apparatus used would respond to signals at a distance of half u 
mile. 

Early in 1805 Professor Popof!,* of Cronstadt, Russia, constructed 
a very sensitive tilings coherer, one form of which was used in some 
surveying osperimeiits by the llussisui Gov'ernmeiit," consisting of 
iron filings siiHpendcd by a magnet and resting iit>on o metallic plate 
or cup. Other forms consisted of filings in glass tiilws with idntiniim 
electrodes. Me used early in 1805 the automatic tapping laick 
mechanism and substituted for the gairatiometcr an or dinar r teie- 
graphic relay. He operated this apparatus at n distance hy means 
of a large HerlKiaii, radiator. One terminal of his coherer was con¬ 
nected to a wndiicUir fastened to a mast about 30 feet Ingh on tho 
top of the Institute bulldiiig, and tho other terminal of tim coherer 
was grounded. 

At the conclusion of hk paper, which is dated Uecember, 1805, 
Poimff Timde the following statement: 

In I'enehmliHt I can e«|irr«c^ the Iioih* tlim nijf upnamtnii, with fiiTtlier lia. 
unHcaK-titA lit iuiiiw'. may be nrlngtlAl lit the Ininsmiseloa of aljniiils at n diadinnt 
by the nhl of unlck elwtrle vilimtlnua aa wwii as Uie Wiifce of aueb vlhrntlons 
auillelGut eiierar will tie foumL 

Among otber experimenters who werti working on this sulijert at 
the stinie time may be mentioned Captain Jackson, of the HHlish 
Xavy, and Jlr. A. C. lirown. 

" Sir O. J. lAiJge, " The work cif neriji,” Froceetllngs Reyal Instltatlon, June 
1. 1!»W. vol. 14. ji. 021. 

jDumut Jtuiwfiiii I'liypftrriH'.’iiehik'nt HoeJety, voL 27, April 2.1.1SI5&, 

‘'A, S, l’(i|M>ir, "ApjiqmtiiH fur detectiuu niiU rtidstnitlon of etectrlval vlhm- 
tlofl^” Journal Ituasinu Physteo-Chcnilcat Society, vol. 2S, Decinuber, n^Ki, 
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Mjir^wnL on ^ 1111 ^ 2,1830, filotl 11 pri»vislcmal spocifjcation ■ showing 
two forms of aiipunitus, urn; similar to LrfHlgio's 18t>4 apj^itmtiis using 
UDgrutinUed ai^rials for both iscnding onU receiving and the other for 
iise “ nhi-n tninsmitting through the ciirlli or water ” subfflaniialJy 
klcntiail with Lodgers 1804 uud I’opotr’a ISOo iippamtiiE;, with tapper 
back, etc., and tlie rcf^iving anlennu only being grininded. 

Soon after, in July, ISOO, Mareotii arrived in England and made 
a mindier of experiments for the English post-office at Salisbury 
Plain and else where, using ungrounded aeriaUj and parabolic rcllec- 
tors and succeeded In reaching nearly :! nnles. 

On Mnrch'2, ISOi, Alnreoni hied the complete specification in which 
was inclnded a statement that tlie tn«u<miittitig antenna also could 
be gmundci], 

I^lge filctl a provisional sjx^cification ® showing radiating spheres, 
but no antenna, on May 10. 1837. Titc complete speiufication filed on 
Fobniary 5, 1833, shows as one form Imlh antenna.' grounded and also 
Uic tjse of an inductance wound in the form of a coil for the pnrposo 
of dimi nisi ling the rate of damping of the waves. 

So fur as is known little n'ork was done in America during this 
period, llie writer nia<le soini' ex|»riijierits in 1836 and in canlunc- 
tioii with two of his students, .Mc;isrsL Beimett and Brndslmw, did 
considerable work on tvasiivers of various types in the fall of iStHl 
and ^spring of 1807, the results of which were incoriiornted in a 
thesis.* * 

Return tij I'thht l*niNCiPt.ra ano KouNDATioif, ok Lines Antitiiet- 
t( At. TO Old, ov New or ^uRTArKED Oscillation XoNiiicnorHONic 
Recei\tji Method (1808). 

l*p to the year 1808. as may Iw seen from tlie above, the develop¬ 
ment of wirele^ telegraphy had prm'ecded along a single line. In 
that year, however, an entirely new method of wircdess telegraphy 
was developed, characterized hy a return to first principles, tlie ahan- 
doDJiieiit of tile ptevioiisly useil incthmls and by the introdnetion of 
nicthoda in almost every respect their I'Xact antitlit^es, 

MTliile the coherer is of mon> or less Interest theoreticnlly it is not 
adaptecl for use for iHcgraphic purposes. Responding as'it does to 
Vfdtuge rises alx>vc a certain limit, it dues not tliscriniimite between 
impulses of difrerent characters, and m therefore peculiarly suscem 
tible to interfering signals and atmospheric di-^iirhanccs,* and the 
operation of coherer .systems can not lie guaranteed during the sum- 

■MftTConL Grwi! rtrUnln iifiU-nl NV VMtK 3SSK1, 

^ iJuJKn Grint DrlliAtn So, 

* Western UulT^^rsHy of Mdy, } 
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mer p^onths or hi the Tropii-w, Kouglilv sped king', a eohei^r acta by 
starting an arc and making ii ahtm. circuit on the line every time a 
signal is receivwl, whith short cinriiii persisUt until it is broken by a 
blow from un ndflitional mocbanicitiij niid sticb a niethoi) of oponition 
is obviously far from pniciiciil. In aHilition, it is pradiciiily inipos- 
fciblt' to obtain sharp tuning in n local circuit contuining a coLercr^ 
its action k always more or less erratic, its electrostatic capacity vnri* * 
nblo, nnd it h insensative* 

At the sending end tlie energy which can he lilterated hy the dia- 
charge of an antenna is limited, and in the form prior lo 18DT 
the dampening is so great that there are only a few oscilktinns per 
spark. * 

Lodge,- by placing a coil of largo inductance in the antenna, 
throttiLH] down the amount of energy radiated per oscillation and so 
obtained with the same limiterl amount of energy derived from the 
charged antenna, an increase Tn the time of damping, 

Braun * patented the nietJioil of using a local oscillaioi'y circuit 
connected to an antenna, I ho local oscillatory cmuiit having a iimi li 
longer period than the iiaturiil periial of the anlenna and of a differ¬ 
ent order of magnitude. Such a system, however, does not radiate 
energy appreciably, and produces a damped wave, 

Tliis dampening and the limited amount of energy obtainable by 
^arging and disdlargiiig the niiteuna operates to-prevent sharp turl- 
ing and working over long dUanctsi 

The coherer is well adapted for working with damped waves, but 
the coherer-damped wave method can never la* developed into a 
practical telegraph syjiteni. It is a cun-stioii whether the invention of 
the coherer has not been on the whole a mlHfortmie as tending to 
lead the development of the art astray into impraciicahle and futile 
lines and thereby retarding the lievclopiiient of a really practical 
.■iystenu 

Tlie fiict that no coherer-damped wave system could over be de- 
«loped into a practically tiperative telegraph system, and the fact 
that It was necessary to return to iirst principles and initiate a new 
Ime of development along engineering rather than bilmratory liuK 
H'to perceived in America in 1308 # and a new method was advlwd 
wliicb may tie called the sustaincfl osidllation-iionmicrophonic re¬ 
ceiver method as opposed to the d amped oscillation-coherer method 
prenoualy used- 

-Tjod^. Great BHtam patent No, uste, 

* Urmia. Getnian patnit No, tiSTS. October H, IB8S. 

-SlectTlcal World, July at. aububi \ 2 , fletitrailjer 10, ISIX), utai Pr«w«Ungit 
AtnerJean laBtltate of Klcctrltal Hn^necro, Naveaitwr, ISOD. pnfii? sail, aad 
^oreiutHT ao. IIKHI. iHge 731 , 

sa3ti£~»i itioa— 12 
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FuNU A MENTAL Di^f lilLENCEfl BfTTtt-EllN THE Om AND SltTkV WjItELESa 

SctlOOL^ 


The lictwf^n tlie two mcthtKlH lire shown hi I fibula ted 

form: 


1 

Iwcp|h[k) ^Kia*.tlDfiHB4»bt*n!r 

jftortMJnMi 

mcllwd- 

Ai... : 

piiLiii|>Vli m rfD^ncKdiil ibc 

HndiDir cii4. 

nBClIlAtkmA iin 
*^lln|| cilAr 


Tli0 dl^finF tfUkimlttcd I* ti4it^L‘d tif 
diAnrinr Uis uit^nA ud dlnrhacK^ 
lemftL 

Ttm raiTOE? trmiultted it ilnrlTrd ffoia 
ft 34H?ftl PVrtttTB M ihln i1m ■ntiiuiu. 


A wptik m> l» luslnff llw 

pMtUlmUiukRL 

An lira or WKb rrftqui^ncy drRftnanlftf^- 
rfAlly ojHrd for tha MfSI*- 

tkHU. 

.. 

or iiiJGiiEi|>tuml4: <wi£ii?t re- 

Nffl^mlareplionlr ccmtact rKelmn Ain 


ceErm mn lu^- 

used. 


- Uw rwdrrr Llfpefidi npan 

1^ Hib utul k iudcptftiik'vt ftf 

USiiitBwnt of miDiTT nnrtiiiTM* 

TbQ r^c^nir rtiFtwniid Jji itaDsulnkt bj 
ibc Inicgrnl HizumnlOf QtacriTTnx^lTrd. 


An ojMfD-tnnffl Cltdcttl k «»ii lor re- 
ccltftir. 

A jJ-JohmI lunHl cln^l If nwd lor n- 
eelviiigr. 

R I..,.-.... 

TRa IW^fTfug djcolt ]m to tlHi 

nvu fnHiojfltirj cpfll7. 

Ttre frcdviuig <iflil4lL OiAf be tuibid to ft 
group frequcner u &■ (otbemTii 

Insfiticncr. 

. 

In Ireitv^lUlDIC im™|EretJwi 

Cd Ibr «lHt^]M3ll^Fntlk wntm fflfclcr^ ' 
mlUonl. 

Thd wmrre ftri? ptnrorftbljr grneiftled eon- 
llfiuriiiilr and the ImuHnlArinn ncf^ma' 
pllflbed bf rbiuuFfiig tba ebaivb^ ol 
lbs WHir^a 

_ -- -- 

Tbc VNfi^ nnitinEf e m D . 

A high Tnlt»^ In tijlcd..^^^.aaaaa _.'.rra"t-.r. 

TbemTS rnrqrf ttux l> cnnsbmt 


A ^OW vollugie k iftied- 

^. 

ibAtt wvn IciwlhA m 

ML 

ComfiiiniUrcaf lont wart IcUfftlw mtt 
wiod. 

C ivi-i a m 

Thw pfjiilini ctiauiil oi doti 4MU1 flaridbe*. 
w boK 'knUirpe^tAUQfk Jj AxihL 

Thd Aicniilv iBftT efmrin. of dotf onlf. 
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The history of these two antiOiciicnl lines of tlevehipmenl will be 
treated of sepamtely. 


Deveu>pment and PjairEtiTiso c^f Sustainkj Oai'illation-non- 
MiCHcH^noNic.: RKcmvEa Mi2Tiu>o (l*tatiOD 

TUE C^L^RlUii^T.^^l■otA'ra‘i aECEITZJl, 

The Rvsi f?ssenliiil for the development of the system w&s, of 
courscH, a quantitatively responHive receiver. Several forma of this 
were tried, induding the modification of the Boys^ nidio'iiiicTometer 
(consisting of a light tliermo couple suspended in the tidd of a per- 
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timnent inagnet nnd lientcd by niiIia.[;jot) frnm a ttih?* * which in turn 
wiLs Iie&tcKl hy the current to be detertinlj described by the writer 
at tlie OiIiiniliiiH meeting of the AmericEn ii&^riation in 1897.® 
ThLi WHS nliiindoned in fuvor of Prof. Elihn Tlioiiison^a iiltcmating- 
ournjjit gfllvanometer^* suitably modi fieri for telegniphic workp^ 

Among Ollier forms of currenUojji-rated receiver may be mentioned 
the following: 

Tlic bot-wire biirretler^^ consisting of a minute phitirium wire 
n few hundred thouijandthff of nn inch in diameter tirni iippn^xi- 
mately a hundredth of an inch in length. The term barretter was 
coined for this de^nee for the reason tbat it ditfers essentially fiom 
the bolometer of I^ingley in that it is arranged to be iitfecteii by 
external sources of radiant heat as little as jHaisilde instead of m 
mnch as ]KJSsil)!e, and to have an extremely small specific beat, an 
object not sought in lIie': ca^s of the bolometer. 

The 1 dpi id barretter/ in Avliieh the change of resistance is effected 
by heating a liquid, the eonccjiLratiim of path Ijeing obtained by 
means of a fine pUtimini wire point. Some qnc^iion hiis raised 
as to the theory of operation of this device^ but I think there b no 
question liut that the effect is due to heat* thougii what per cent 
of the effect is due to change in olunic conductivity hy heat and what 
per i^enl is due to de[>olarizaLlorL by beat is stilb sis oiiginally slated 
by the writer/ uncertain* Tbo facts that the device ojjeratcii prac- 
ticidly ef|iial]y well irresjHM;live of which terininal h connecte<l to 
tlie Uku] battery, and that the effect varies as tlie s(|uare of the 
alternating current (as a heat-operated device should do) instead of 
directly with the alternating current as a rectifier would do. and 
that dei>uIari5Miti(in is prcKlucod by the heat, have confirmed 
by Dr. L. Austin/ The writer ha-i experimentally deternlined 
the fact that thougli the electrical impulses may luive a duration 
of less tliiin a millicintli part of a second, the change in resistance j>er- 
sists for approximately tha ten thousandth part of a second, which 
Would seem to show conclusively that the action is not a direct effect 
of the waves. 

The term electrolytic receiver has sometimes been applied to the 
liquid Ijarrctter^ This is objectionable, as then^ ore a nuiuljer of 
electrolytic receiver^* For example, tljo Neughschwender-Scbaeftir ^ 

* Elc*ariclflD^ Jujisu 24. IWM. 

B-EJilui TUonsjBom [Kitefit Kti. ^413185, .Tiititiftfy 1537. 

" Ualtwl Htate* pateuUi Nos. TOOTaO and 700737. DeceieWr 115. 1500. 

^Uoltccl State# imtent No. 7fWT44, June 

* United StdtCH r^^tent No, 727331^ April % tllOCl, 

Hiilictiu the Burmu of StamlarilH, yal ^ Si\ 2. 

fif NeuBliw. tuveihlor, Wrmitii fMitent No. J0i?^8. Hwt-iutier 13, atmI 

Sclmefer, BrUMi patent No, 0002, 1530. 
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rocreiTcrj in which u fiumlier of mjcrnscfjjnc filiinieTiti; art; produced 
between two tortiiinaLs by electrolysis, which iiluitients are ruptured 
by tlie Ts^aFe-produced oscillations, thus increasiBg the resistances 
also the liquid coherer of Captain Ferrioj descrited by him as 
follo’^FS^ ■ 

ThL^ Etaiuo -c-iTect of tu:i£ haan (teteriDiaed for a 

contact of n rnctaUtc wEre &ti\i a H011I4 c^mdiictart :held ala tail walerp cnnrnined 
In a RlaKS iiila- of tsjLaill i)liieiii>l;i* *r, nnil placed uuiler the hiiiuc qondItloaH as the 
[krocoLtLa^f. tJu? i^Hiiiiltlvoni^ of th\A ctHUaCi 1 h vary notably Inferior 

lo tbat ubtaJai^l la oxtH-^rLniculb» abot-c. Tliu aiaKlmmn 

nesB was ubialaeit wtiea tbe res^iHUuiL^ et Uio itoiiorfccL contael wan about 
2p000 obma nin\ whaa ihi>‘ i-xtraiully i»f liic luetal wire Bcanrely grazed the 
niealucaa aC tlie HiiutiL The rcdults CkbtiLleod were lamer with a fojiiivr wire, 
attaefet-d by the acliluJatod w^atcr, than with a plntimmi wire. 

ThU coherer prolsably acts through a chemical eilecL prtKluciiig a 
thill film ui gas and Las never come into ue^e^ doubtless because, as 
(?aptaiii Ferrie iwintSK out* it is even less sensitive than the Maraud 
coherer* Also the rectifier of Pujiin,^ iti wdiich thc^ tertuiiials aro 
placed so closely together that pnictienlly no eriergj' is absorWd in Iho 
receiver, in onler Lhat the riicLifieil energy may be utilized outside in 
the estornal cii'cuit, in opposition to tho liquid barrettor, where the 
position of the tcmiiiials Ls such that all the received wave energy is 
absorbed in ibe barretter for the purpose of producing a secondary 
etlcct^ and so inftiieiidng the current in a sliunted load circuit* 

MirrHOOS OF OISTAININO SrSTAlNKn OStUU^ATIONS- 

Spark-ffnp-f ^ffUl’aiori/ 4>r t^nk Prof. Bliliu 

Tbonison discovered that by using n iransformer wilbouL an Iron 
core (the ■ivell-known Elihu Thomson air-core tniiisformert later used 
by Tftda and others) ami a sjiark-gap otid coiidenser in the primary 
Circuity and with the secondary dreuit suitably LiihckI greut remnant 
rises of fioteiitial could lie obtained. In isri2 he conidmeted such a 
transformer giving di.^charges G4 iuclie.s long*^ 

TJie banie mctJiix] w’as later used by Teslik '* in his experimental 
rescarchuii and in hLs attempt to carrj' out Looniiss^ method of trans¬ 
mitting a curn^iit through a bypothelieaj conducting stratum In the 
i]js|Hur regiiins of the atmosplierep . 

The device, suitably modified for wiioless telegraphic piirpnisca^ wi 
as to give, instead of a contiiiuously cumulative rise of potentiah an 
initial rise of potcntiul followed by o gradual feeding in of the 
energy from the local ciit;uit to supply the energy lost from radiation, 

* niOiHte], L’F^lalrBj^L' KTectrlaae, !^liU>ml}iFr 29, 1000. 

t rmaii, I'ulted Piatt* iKiteak No. T130W, JaaMar>' 4* 1.^08, 

* Entirleal World, FelJniai^' 20 and 2T, 3fi502, 

^ United Ktatea fuiteat NOi Refit emtwir 2, 1397, 

« Uxunlfl, UMted States puteiu No, 429971, Jttl^ 30, 1072. 
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’a^a.s mado use of in IBDS for llie puijKKie of produring pn^loi;:ig«!ii 
trEiitis of sutitiiiD^d wures. 

Various tjpes of connection l^ct^ccn the atitcnnn ant] the local 
oscillatory circuit were ti^teth but it was found that the most oflirient 
rehTilts were obtainetl by connecting tJie local circuit dij'ectly across 
tlic apnrk-giip.® 

Tliu results of some cc>mi>ariitive tents nre. The figures 

in the coliinin A ^ ure for tlie ItwL-al circuit coiinecleJ ilirct-lly to the 
(ertiuiuiJs uf the spark-gap. tliuse in i!olujn]i H* *' aix^ for iin auto- 
tniibifoniier, those in eolmnn for a loose-conjded primary and 
secondEiiy. 



A. O. 

c. 

_________ 

! ai'E,DW 
a073 

m 

m 

i&ft 

nvLon 

adrrs 

m 

u 

ma» 

0 tfTJ 

ga 

Tuit capultv fn. #0 _-_-__ _-_ 

£Siirwftu«kaatanrniuai^ _______..... 

T^akCEERCiit (impure)- *_____ __ 

AnlSCLQft Glliwat. ..... 



Tlie largo station fit Brant Rock Ls opemted with the local clreuit 
diri'Cliy mnnecled across the spsirk-gapt jjartly U^-au^e the efEeirncy 
is somewhat greater^ hut also uii uccuuuL of the gitfaL siinplihcation of 
cciJiiieirLions uml the fact that the ilegit?e i»f sitslninmeiit of the wnve 
train may be adjusted very simply, if dewircfL hr sliding the lower 
terminal of the antenmi along a few inches of tlic leail of I he lot^al 
fiscillatory circuit. 

Cnojicr-neiivittin used a moilifieatioii of his mercury lamp 
lo obtain intcrmitteiit discharges, each followed by a train of high- 
frequency oscillntioiiR. 

Jir —The worker with liigh-frequency (te^cilkton* cur- 

ivnts will soon discover that \vc ai>‘ Indebted to the grid us of Prof 
Elihu Thomson for practically every device of nuy ijiq>ortancc in 
this art. 

The methml of producing high fr4M]uerLcy osci Hat ions fre^m an arc 
and continuous cnrn?nt was discovered by him in Figure 1, 

taken from Ids patents diows the grnonil form of Ins arraiigenieiit. 
If the directiuiLi given in the spcci heat ion are followed no difhculty 
wdll bi^ met with in obtaining frwpimcies as high as rifl,Q0f* [)er tie<;oml. 

Between iJM>0 and 1002 suiiie espiTinients wi're carriefi out with 
the Elihu TJionison are ha a source of liigh fmjueney uscilktioiis for 
wireless telegraphy and telephony. 

^ baUpd tllntes Niss. T< W 7 :rf and 3 n, t?^Ml. 

* ('4Ki|KT-ini/i-ill, nutttl Ittati^ iKUeat So, tSiKRIU, A|irSl Tliini. 

'^ KMliu TUuiiiAjo, UelUmI stales jMittoil No. July IK^CL 
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Some ilifHyuItlcg we:re found, for rxnmpk^ tho art; t'fiuld not bo 
started mid sioppoc] as qiiicbly as was necessary for lelegruphic pur¬ 
poses, and iho intensity of the oscillatiom^ and their frequoiu-j* * varied 
oonsiderably. Tli<3^ were overcome by fnakin^ some minor improve¬ 
ments, fur exiimplea the iliJfieiilty in sending was overeome by per- 
mittiiig the are to nin continuously and using the key to idiung^^ I he 
electrical conirtaiits of the circuits.® The difficulty in keeping the 
intensity and frequency constant wa;i ovcniome by substitutjiig ri*- 

sistntice for a portion of 
the indi^ciaucCf and also 
by using the arc under 
prcssijre,^ 

Test-H inmle liy Doctor 
Austin * show that with 
this melhotj fmiiieucies 
ay high as ?t,000*CH)0 per 
sec^ond and efTiciimoies 
as high as 00 per cent 
can lje obtained together 
^vith an absolutely 
steady ^ generation of 
tbc high frcHtjnciuy cur- 
rtmts and an absence of 
hamionic frequencies. 

nat^r .—^The first higli 
frequency a]lt™ator 
wa^i built by Prof. Etihu 
I'honison in l&Stt. And 
it* w^as while experi¬ 
menting w‘ith it in IfHK) that Doctor Tatum niaile his very in¬ 
teresting discovery that high frw|uency eiirrcuLs of targe ninpcruge 
could be pjassed througb the body withouti injury/ 

•t'nStiHl Si^tAleH jiftleata Nimi. Jttly fi, TOlHir. ,^^|Ktciabi-r lOOl; 

T^TZCaJ-, Sian h 21, IWaj Aiirll SI, nm. 

*lbliJ aaJ rnltetl SttaO'w IkftttTit No. T'i>ffT4L 

o^Ati^tta, naUellii of t\w hon^ii of Nlaadnnltt, voL ^ Xo. 2, 

^AliMtln jiKHuiotMl from ttie tlicare bi- ohlaLat^il for tUe itatatieQla^-. tUat tlie 
crifcUliithmA wen- luit coiitlnauim; hut the arntboO umi fur delenmatim tlio 
itaaiiieulajt la isot Eipolk^USe lo tblB ciiHe, nUid a euto|iorlPDa of the currente 
auil voUakc^ with the rrp<iacncli?fi glvni in Aii»tlira hSiowk tOal 

tbemt orelUfltlonrt mnirt laive hiKm cranllinionB. 

• ■rimmiioa, Kltictrical Eiiatuccr, July m, 1800, unU IjqtuIou Eleeirldaa, Slep- 
tcaitK^r 12 , 

fTbuaiBou, ISIeclrlcal Qislneer, Mareb li, isfn. 



no. 1 .—EIOid Ttiomsnii^a td^iIhh] protloL'lEi^ 
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From 1808 to I^^00 numerous exjwriments were made on antennae 
of large eapatity^ and it was found that instead of ajdog sheets of 
solid metal or wire netting', single wires could bo placed at a con¬ 
siderable fraction of the wave-length apart and yet give practically 
tlie Slime capacity etfect ob if the space between them were tilled with 
solid condMctor^. 

From other investigations on the ^iiriiitioii of nidiation with fre¬ 
quency the result was arrived at that it should lie po^ible to con¬ 
struct an altcrnatingH'iirrcut itynamo of sufErieiitly higli frefiuency 
and output to give ample radiation for wireless telegraphic |iur[>oses,* 

In IIKX) a large Antericaii electHi^l jnanufacUiring company kindly 
consented to take up the fonstnictioii of such u dynamo. As a pre- 
timiimry^ a dynamo of 1 kilowatt output and 10,000 cycles {shown in 
pL fig. 1) was built in llKhi. By the summer of liWti many of the 
dilTiculties bad la?en overcome, md a machine giving 50,000 cyclc34 was 
installed at tlie Brant Rock station. Various improvements were 
made by the writer’"^ assistants, luid in the fall of tUtMi the dynamo 
wan working regiihirly at 75,000 cycles, with uii output ofiuilf a kilo¬ 
watt, and was bei tig used for telephonbig to l^Iymouth, u distance 
of approsunately 11 miles. In the following year machines were 
cotistructed having a frequency of 100,000 cycles [wr second and out¬ 
puts of 1 and ^2 kilowatts. 

The creclit for the development of this machine is dtie to Messrs. 
Steirimctz* ITiiskinsi, Alexanderson, Dempster, uikI {leisenhoner, and 
also to the writers assi:^aiita^ Afes^rs. Stein and MatisbeudeL 

€LUaED> TUNED CTMtXJim 

In 1808 the ojien tuned circuits originally used were discarded for 
doised tuncil circuits,^ and it was discovered that valuable j^eleetive 
effects could la- obtained by pWiug tho condenser in shunt to the 
inductance, instead of in series w^ith it.^ 

fOMBI NATION OF W AVE AND OROUr TtrNlNG* 

The fact that if sdeetivSty is obtained solely by tuning to wave 
frt^quencids, tlie nundier of statioos ia limiteil, was appreeiateil at an 
early date. In 1000® a new method was developed, the stations being 
timed Ixith to the wave froqueiicy and to un independent or group 
freqiiency» so that stations might obtain seiectivity by vary ing rither 
the wave or the group frequency and thus have at their disposal a 

• Coltefl Sratm rmtent No. llaj' 2tl. IDOl. 

juimits Nais. TOOTSn aail 7mm. lir«^iiilM-r 15^ IftUO. 

^Unltea Stales iHiteiita Nos. 72ra£3^ Jane 2, IIMMJ, anil 7273510, Mareli 21, 1£P03. 
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virtually iinlimited Dumber of combinations and be practically fr^ 
from atmospbcric distiirlianccs, Plato 1, Bg- % nhows a type of group 
tuner. 

F^HTe£a nm ErjupMENT of damped wAVE-oonEamt methoo. 

Marconi, by ISDS, hml carriEnl the developtui^iil of tlte BHiigK coherer 
to Its maximum point. 

T^lge iu IflST'* * lind cii>idosed the open secondary circuit for 
receiving. 

Miircou] in greatly imiiroved this by adjusting the length 

of the secondary so as to tune it, und by the old of this impruvemeut 
was enabled to telegraph jj distance of 35 miles ^ in tictober, l8tlD, 
Lodge in 1002** inveriled ’nrhat is piirha [>5 tin? most gwrfect form of 
coherer, consisting of a thin steel dislc dipping in Qil-covcreJ mercury 
ami automaticiilly decfihered hy being kept in oontituioiis miatiom 
A number of self-restoring coherers, of Tidiidi the Bniwn* carbon 
coherer may be taken os a tyiw. including the mercury carbon coherer 
of RolarK came into more or estemled use^ and also modifications 
of the imperfect contact receiver of Xeii^chTrender,^ 

The small progresH made along tlicse line* is to be explained by the 
fact that the damped wave-coherer system is L^s^ntially and funda¬ 
mentally iiicu[iab]e of development into a pracilcul system. 

Lah^b Deveuipmiint^^ (Period 1902 - 11509 )* 

Prt^ress iu Europe .'^ince 1 !lK> 2 luis been niarkm) by the gradual 
abandonment of the eleuieiits of the damped wave-cohcrer system 
and the substitution of elenienis of the sustained wave nonmicro- 
phonic rout act type. 

In 1900^ Marconi substituted for the plain iierial an aerial with 
the writer's tuned local circuit or lank circuit for sending, thus ob¬ 
taining a considemble inci’ease in range of transmission. 

In 1002 Marconi inventxHl a very ingenious fonu of cnrreDt-oper- 
ated receiver, esLlt^ the magnetic detector,* and with this combination 
achieve^somc very romarkabk' riisults. 

^liOdKe* Cirtfll Brifnia iJUtrnt Na nfnT*, May 10* lOTT. 

^ Ufeat BrUiilii |HJleat Sit. Jtitw T, 

^Offlclfll stales Navy of tmi s, Ua^nirhuictU, Oelaber. 

im 

<Lftdj?c, StiiSrliraiil & RciblnHoiu Hrltnln [mt™i K-Ki2l. Jum- 14, 

* Brown * Kttltsoii, tircat Erltnin parent No. 2SarJp, l>?i:^mbiT IT, 1^' 
f A. XeuEia-liwtThJisr, Wl«!. Ann. eJer tSMi, voL irr, pL 4% i^iwvtur. 

Brills patent Xo^ OOSCi IS9D. 
i ^larcoEil, fln-nl Britain pnti^t Xov TTTT, Arffll 2fS, lOOa 
On^it Brllaiu luteut No. 10(24\ IWl. 



fiiflPmT. I SW9.-^iwjuljin. 


Plate 1, 



Fio- 1*-Pft£uMi«.jmr Dynamo, 1 Kh.owatt, 10,000 Cvcuee. 
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In 1003 Prufe^isor PJciiiiiii'' invented a vnry oflicient detector based 
on the ** Edison effect ** in incnndescent lamps^ and the ohscn’ations 
of Elster and (leitel * on the rectifying effect of satdi an arrangement 
on HertKian oecillations. 

Virtimlly nothing waa done in Europe in the way of producing sus¬ 
tained oscillationA by the ar<i or high frequency method until ro- 
crently, possibly because of Dtidddl’s erroneous Ktatement '* to the 
ctfwt that freqneiieies mueh nho^’O lOJMX) could not be obtained by 
the Elihu Thomson ar« niethcHj, and Fleming’s statement '* Unit an 
abrupt impulse was necessary and lliat high frequentw currents, eren 
if of sudicient frequency, couhl not produce mdiation. 

In 1903 PoiilsoD * invented an intercsiting iiiotlificutioD of the Elihu 
Tliomsofi nre, which consists in forming the arc in hydrogen instead 
of in air or compresseil gaa as previously done. This modification is 
not, however, so efficient as tlie older methods and giveii osciliiitioiis 
varying in amplitude and intensity and accompanied by strong har¬ 
monics/ but 1 have considered it worth mentioning on account of the 
ammitit of interest it appears to have excited in Europe. 

Some very important and inteirsting papers on electrical nscills- 
tions were publkhefl during these ycarw by Obcrbcck/ Wien,* Drude/ 
and Bjerknes.^ 

In America the development of the siistaineil oscillation nonmicro- 
phonic system has proce<Nled fitendily and it may now be said to have 
resched the stage of ecmiincrcial practicubiUty. On account of the 
amount of M’ork which has 1)CDn done it is itni>ossibl<! to refer to more 
than a few of the rei.'cnt advances. 

The following are some of the later types of detectors: 

Tiiii frictional receiver/ in which the wa^'cs produce a chauge of 
friction between two moving snrface.s and so cause an indication. 

The heterodyne receiver,' in which a loctil field of force actuatwl 
by a continuous source of high-frequency osclllntious interacts with a 
field produced by the received osciUatiom und creates beats of an 
audible frequency. 

■ FJeaiJna, ProcecOinKs lUo'nl Society Lonaoa. IDOS, vol. T t, 

* Rlater nad Gcltel, \Vi«I, Ann. do E'liyulk. vol. B2; p. tI3S. 

'Iliidclen, TUe Eicetrtciqa, U*0a, vwl. U, p, ixe, 

*f'Jinilnfe t»rowodlnas of the IntenuUIuiiBl CouKmss. St. I^puIh, IisH. vol. :i, 
li> 13011. 

TTnjted stotos [Wtoiii No. 7aM40. .lane id. ilK«. 

AnstJii. Bnltpiln of tJii^ Huruia of vut* a. No. 2. 

»OlH*rbooit, WIpjJ. Ann. der Ptiytslb. vol. iyi, itaiOw 

* Wlod- Alin, dw Dtij'sik, vol. S, 1002, 

* Drmle. Ami, der vol, 13, ifiot. 

> BJofknett. Ana, der FbyKlk, toU 44 . i«n, Mini vol. tS5i2. 

UultWl States a]i|j)I«itJiia Nik March ‘££, UNIT*. 

' United States ajijilkmioa No. aTl53ti. Jam’ 2S, ItMMi 
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The so-callod *' tliennoelectric recoiTers” of Austin," Pitkai^,® and 
Dun woolly,* 

Tiio ‘‘ audion” of Do Forest,* n very mterestiiig and sensitive de¬ 
vice, which though sujtcrfieiallT resembling Profcsisor Flemlng'‘s recti¬ 
fier tippeiirs to act on an entirely different principle. 

Tiio Coo[wr-lie wilt iiinix-nry rciiiiver, about which litlle is known, 
but which uppeors to be I'cry sensitive. 

folloo'ingf are some of the later tnetliods of prwlucin^ snstuinofl 
oscillations: 

The substitution of a number of arcs in scries having tenninalH of 
large heal capacity in place of tlie single are in the arc method." 

The use of n'gulflting or “ fly-wheel '* circuits in cotiuertion with 
tlic lire method,' 

The tucUiofl of producing osiriliiltions sliowii in plate 2, figure 1, by 
u.siiig two arcs and lliruwing ilie disidiarge fronj one side In the ntlier 
alternately at a frequency regulated by (be cmistanlfl of the electric 
circuit.* 

Tlie condenser dynamo f whidi consiste of two I'adially slotted 
disks separated by a mica diapbragni, charged by a continuous cur¬ 
rent source of |>otcntinL and rotating in oppijHite dircctiuns, 
Two-jdjii,se high-frequency dynamo method.* 

Commutator luethod.^ In this nicthod the high frequency is pro- 
duireO by means of a ball rotating at high speed on the interior sur¬ 
face of a comiiiiJlator (pJ. 2, %. 2). 

The helium arc met hod ,< in which tlie are is produced iu belium 
ar ftrgon or litimniir fpisos* 

ITie critical pressure nictbod/ in which tlio electrodes extend within 
a certain critical distance, ilepcnding upon the pressure used, so tiiat 
the discharge always passeti at the same voltage irreapeclive of the 
distance between the eleeLrudi>s, 

.l/t'fWs of iriffnaliiiff ,—Continunus production of wares but chang¬ 
ing con,stants of sending circuit-* 

The inverted metljod of sending mid the method of signaling by 
sending dot.s, the inteqjretalioii of which is determined bv simila'r 
Ltuiniiulotors at the sending and receiving st at ions. 

■ Anfftln, rnttod EfInitial p^plktitloik Xo, afuj' llXHi. 

I'nSltil Stulpw Na Xiivi4li€>r 2*, um. 

1 t-nllnl i^liites intput No, K37<m^ liK«L 

Piiri*irtt Vnitvfl Suites imlent ^Mmo, Jniiiuir?* 
f!-pttefl Hto{p« <ip|tUc£iitlon Xo. 15*17^17, iJeveinlier 14 , lytfcEi! 
friiltcfl Statist niflillL-iitkjqi Xfi, 2iil iSE», l.kvi7enitH*r 14 ^ litCG, 

P C'utlAl i^tnlm laileiit XiS. TlXttmk, Mnreli ai>, liMjTiu ^ 
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Dupl^^t. and ^nUtpUj^ considerable number of these 

have been worked out, mostly Di>ertttiJig either by bulanee methods* 
or commutators.^ It h impoadble to discuss all the various improve¬ 
ments, sudi^ fur exampte, as iIlo method of indicatiag the bus^' and 
free state of a station, the methods of sendiJig and receiving in one 
direction, thei various types of iierials used for receiving the other 
conipouents of the electromagnetic wavisn I resides the clectrosttitic 
coin|x>nent, etc* 

Plate H, liguro 1, shows the liannonie iutemipter for dcteriiiining 
the variation of inteniiity with change of note. 

Plate a, figure % shows a type of receiver described in Uuitci.1 
States patent Xo. 70^747, in wliich the teleplione diaphragm is formeil 
of thin copper and i-epelled by u fixed coil having a resistance of 
jdx»ui 10 olmiB. The principle of thii receiver was discovercil by 
Prof* Eliliii ThoiiLson. It hiis been used for wireless telephony for 
a distniice of 11 miles with fairly satisfactory results. 

Plate 3, figurt! inhows ti tninsfornicr uisccl in the transjiiitting cir¬ 
cuit. Tlie numl)er of primary and secondary" luriis can bi; iiltereLl 
oondnuDuslyf and also llie degree of coupling. Tlie wire is wxvinul 
oJT from an inHiilutiiig cylinder Onto a cylinder of copper, iind the 
cylinder of copper, forming a closed circuit secondary of the trans¬ 
former, annuls the inductance of that |jorlion of the wire wound u|>oii 
the cc^pixT cylinder. 

Plate 4 show^ a group-tuned cull; Unit vibmtion galvanometer 
which oi^rat^ a selenium cell and rings a Udl when a call h retieived. 

Plate 5, figure 1, shows an apparatUii for determining the l>rst shapu 
of coil for use with the hetcrodjue receiver. 

THEORY OF W [RKF^E^Sl TiCJ.Iit^llONY. 

For wireless telephony three things necesimry: 

1. Means for radiating ii stream of electrical waves sufficiently 
continuous to transmit the upper hamionics on which the qiiidity of 
the talking depends. 

2. Meaua for modtUating this stream of waves in arctu'ilnnee wdtli 
the m\uul wuim 

S. A continuously responsive receiver, gi^Hng indications propor¬ 
tional to tile energy received and cmpiiblc of respontHug with liiilficient 
ropidlty to the spcedi harmonicii* 

IVork on the wireless telephone vvaa commonced before a satisfac¬ 
tory means was discovered for producing sustaine<l oscinatlon-SH 

To ascertain the number of sparks per second which was uucessiiry 
to detennine articulate speefch, a phonograph cylinder was taken 

*TTaU(^ RtfltfH! firpllmtlen N«. April lOOT. 

iwiteot Na TOaOCi April 0, lliiOG. 
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find grooves wore cni in it lon^tudinalJy. It wad found in this way 
that transmission could be aceoniplished with l%000 breaks 

jjor soctind. It is believed now that this nundjcr is imnecestsarily 
high^ possibly owing to the fact that it was impo^^-iUr to cut the 
grooves on the cylinder without producing ridgrs>* * ITic lower limit 
may be fixed in another way. 

Electrical circuits me! w ith in aduul working have rusistancey self- 
Indactaime! capacilyT imd Icakaricu. Hc^jviside gave the differential 
er|nations fivr tln^ presatire and enrreut over such circuits when 
Alternating voltages wetr opplicd^ htit no ipetlKHl of dilution lieing 
known, the mathematical ti-eatmcnt of sudi circuits was restricted 
to cases where one of the eoustAnts was neglected^ until I>r* A. E* 
Kcjinelly in a masterly series of ]>ai>ers ga^no the complelc stilntion. 

The results were immediately fonnd applicable to a gt^at variety 
of problems^ ^nicU m the transfuission of signals llimugh cables and 
of telejdionic sjyeix-li through various tyjws of circuits 

III lliis way Doctor Keniielly* by comparing the noMilts obtained 
by Dr, Haziiinond V* Hayes* in practical telephonic tran^ni^on 
over kiadetl line^ w ith the tlicorelkal values of the current for dif¬ 
ferent harmonics showed that harmonics alaave 2.00f} per second could 
be neglected for tdepliouic trtinsnii-ss^iom 

The writer has never succeeded in obtainiiig good talking with 
sudi a low fiH^nencyt hut under fiivoi'uble conditions fair!}'' satis¬ 
factory speech muy be obtaim!d with njJOQO interniptioiLs per second. 
Fur really gmal traiLsmission, boweven the radiation must be prac¬ 
tically continuous^ for if the Hpark frct|Urncy less than 20.000 
i>er second there is a dbsagrecahle high pitch note in ihe telepliunc, 
not noticeable {perhaps at lirst hut apt to betoiue aiiiiuying with use. 
The mwt salisfnctory way hj of eoiirse, to iLse a swurce of siLstained 
oscillations. 

It fortunately happens that for wireless telephonic purposes it is 
inadviMahk to U5?e a wave frequency of less than 25,000 per second, 
on Hccount of the difficulty in radiating energj" with low frequencies. 

The receiver of ctiurs?e. be oontitiuously responsive^ If, for 

example^ it liad to be tapped back in older to reistore it to the 
responsive condition, speech could not he tniiLsmittetl. 

It niiiid also give indicatiouji proportional to tlie energy received 
or the character of the .speech will be distorte^J. 

It must also res>p<>nd with aufRcicni rapidily. If. for example, it 
takes a thouiajndtli of a t^econd to restore it.self to its original resfList- 

^Keaaellv. " PSitirllJiitlofi of rressiiru n&il comTjt aver nltemaUog-cytreat 
clreoltH,” neiran! Eogliieeriiip Journal, itKMJ, |x 4Z, 

*llnyt'w “ IjLiiiUiHj tck-ijlioiie lltieH in TraiiptacLloiud lalenmtloual 

EJuvlrlca] iX>agrt«5V t-anlfl, voL ^ 
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anee thfl reef Ivor will obtrtousljr not record the liigbe^r Itarmoitic^ 
1 have ex [>ert meat ally determinnl that a m^iver which re^orcs 
itself in the ten thousBUtlth port of a second achi with sufficient 
mpidity. 

UISTOIIY OF TIIK DEVEIjOFM I5ST OF WIUBfiESS TELEPHONY* 

The writer has lieen aaked on several oocaaions how tlie wireless 
telephone came to Im inventetl. In Xovemljcr,, IftlM), shortly prior 
to the deliren* of my previous paper," while expiTJiiieiiting with 
the receiver shown in fijipire 3 of that paper, I made some expcrinienta 
with II Wclinelt interrupter for operating the induction coil lused for 
sending. 

In the receiver mentioncil the ring of a siiort-ijeriml Elihu Timm- 
son oscillating current galvanometer rpsts on tliree supports, i, 
two pivots and a carbon block, and a telephone receiver is in circuit 
wilb (lio ciirtKiii block, A storage Imttery lieiiig usikI in the receiver 
circuit * it was noticed that wUen the sending key was kept down 
at the sending station fora long dash the i>cciiliar wailing sound of 
the WehneU intcrrnpter was j\*prucluced with absolute fidelity in 
the receiving telephone. It at once suggested itself that by using a 
source witli a frequency above audibility wirele^ telephony could 
lie accomplished. 

professor Kintner, who was nt that tiirw assisting me in these 
experiments ami to whose aid tbeir success is ^'ciy largely ilue, was 
hind enough to make tlic drawings for an interrupter to give 10,000 
hreuk-s per second. Hr, Brashear, tlie celebnitiv] optician, kindly con- 
f-ented to make up tlie apparatus, and it was completed in January 
or Kebnifliy, 1900. 

The experimental work was, however, delnyed, as the writer ivas 
nt that time transfecring his Inbomtoiy from Allegheny, Petmsyl- 
Vania, to Rock Point, Maryland, and it was not oolil six months later 
that the stations at that point were completed and a suitable mast 
was erected for trying the apparatus. 

The first experiments were made in the fall of 1900 with the ahove- 
mentioned apparatus, which o'ils supposnl to gii'o 10.000 sparks per 
second, but which protiably gave less. Transmu^iion over a distance 
of 1 mile was attained, but tlie dm racier of tJie speech was not good 
and it was accompanied by an extremely loud and disagreeable noise, 
due to the irregularity of the spark. 

By the end of 1903 fairly satisfactory speech had been obtained Iry 
the arc method almve referred to. but it was still accompanied bv a 
disagreeable hissing noise. In 190-1 and 1905 Imth the arc method ind 

"Tranaactlnna American lontltntc Electrical Engineers, .Vovember 22, ISSIO. 
t United Slates pateat Ifa 7007^, December 16. 1800^ 
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mothoii in whkli the 10,000 cycle nltcrnutor Ji^iove rcfcrrctl 
to wus employhad Iwp devdcipci:] to such usi wtent thtit the pppa^^ 
rntii^coidd lie ii^ecl praetiniLly ^uc] were advertised and tendered 
to tlie United Stalesi fiovertitiieiit,^ The tmiiianissioii was. however, 
still not iibsolutely ix^rfeet. 

lly tlie fall of IPO+l the hi^li fretjueiicy nheniator had been brouj^ht 
to a praclienl slinpe and was used for teleplioniii^ from Urant Kock 
to IMymciulh. a iristaiirc of H miles, and to n small fishing schooner, 
this lanng the firni inslnnee in which wirele^'^s telephony was [mi in 
pracitPiil use* * The tratistui^itm was perfeel and was admittofl by 
telephone experts to lje tuoL'O distinct tliiiti iluit over wire Unesi IIle 
sound of breathing and the slightest inflections of tfie voice Ixdiig 
rcpmducLHi with the ijtmo.st fidelity. 

As it was realls^c! that the use of the wireless telephone would lie 
seriously curtailed unless it coiiLil Ije ii|ienitiM;l in eonjunefion witli 
wire lines, telephone rohiys vvere inveTited both for the receiving and 
imnsmilting ends, and were foimil to oj>emte tiitisfactorily, speech 
being tran^^nulted over a wirt' tine to the tdatlon at Brant lloek^ re- 
trniiamUtcd there wirelessly by a teleplioiiio relay* received wirelessly 
at I^Jyrnoutht mid there ndayed otit Bgiiin on another wire Une, On 
Dt?iTiiil;er 11, llKKVj invitations were issued to a niiinlxsr of scientific 
men to witness the operation of tlie winders? li'an^iuissiutj in conjimc- 
tioii with the wire lines*. A report of theise tests appeared in the 
Aniericiin Telephone Jmirnal of January W and February 2, llK)7y 
the editor Ijciiig one f^f the men pres4Uit. 

In Julyt IW7, the range was eonsidembly extended and speech was 
sucee.ssfidly trAnsinitteci bctweim Brant Koek and framaiE'u* Long 
Maud» H distance of nearly *200 mites* in daylight and mot^tly over 
Li lid,^ Uie mast at Jamaica being appro^dmately ISO feet higi^* 

In 100" several Eumpean experimenters sun^eedixl in tnmb-mitting 
speech wirele^^^lvi, using some of ttie earlier forins of the writer's arc 
iiietlmd, imd some nmnths ago the vessels of onr Bacifix: scpEudrois 
were oquippecl w ith wireless telephones, using this arc iiiethofJi by 
anotlicr Ameiican company* 

MF?rHOI>W AXl> AlTAUATn^^. 

METIUltMfi ANI> Al*l*AU,miS nm pRuOLiCIXO the El.KC’rms.’liIAONETlt: 

Wa^tisl 

These have tjeen alreiuly referml to. Plate o, figure 2, shows a 
rotating si>ark gap giving approximately 20,000 tUscbarges per sec¬ 
ond. This was connected to a 5,000-voH fioiirce of direct current* 

•tAUter of Jnlr UIOTh; fiev The Meerrlelnii* lji|i4on, F^-Uruary 22, iwrT; also 
CAtnloime of aaU 

* “ Lcaiff dtataece wJrelesa telepbour,^ Tbe Eleotrlclaap Octuber -i, ItK) *. 
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The terminal are of 40 per cent phUiniim-iridium. In operatinn tlie 
appanittis is arranged to charge a romlenscr to a definite potential 
and discharge it. 

Plate 0 shows forms of apparatus for operating^ tlio arc in n gas 
tinder pressure, 

The apparatus of figure 1 on plate G k also used h»r the art' in 
vacuum and the cnlical distance arc. 

Plate ", figure I, diows a muUiple gap with rotating eleclroi|e«, 
lirasis, ainalgnmated xinc, and graphite I wing used. 

Plate 7, fi^re 3, shows n multiple arc pap with eliwlrodes of dif¬ 
ferent materials, tlie upper tei'min.iila Iwing water cooled. 

Plate 8, figure 1, shows a condenser dynamo. 

Plate S, figure 2, shows a general view of one type of liigli-fre- 
ijiiency alternator. It is driven by a motor and a De Laval gear. It 
has been operated at &6,000 cydea per second, but is generally mn at 
81,700. 

Plate 0, figure 1, shows a field disk; it is 12 inehes in diameter and 
llier*! arc 300 slots on it. 

Plate fl, figure 2, shoivs the armature and field coils. Thera are tlOO 
nnuBtiire slots, cudi contiuriing two tiii-ns of 13 mil wire. The field 
curri'nt is .'i {Lni]>erea. The resistance of the armature is G ohms; 
it gives 1(!0 volts and iilxmt 7 or 8 am[>eres. Other armnltires have 
heen constructed having a resistance of 4 ohms, I'or some work 
double armatures are used giving about 2"0 volts. The output of 
the siiigle-nnnature machines at 81,700 cycles is approximately ] 
kilowatt. The output of the double-sromture machine is approxi- 
matelj' 2 kilowatts. 

Otiier types of high-frcqtiency alternators are umlcr construction. 
One type shown in plate 10, figure 1, is designed for uw? on ship- 
lioard. The armature dUk is C inches in cUametcr and two armatures 
are used. It is arranged to be mounteii on gimbals and to l.«? driven 
by a steam turbine connected to the steam pipe by tlexible, armored 
steam hose. The frequency is aliout 100.000 and the output about 
3 kilowatts, 

Anotiicr type, which is at present being constructed by ilr, Alex- 
aiiderson, to whose efforts the success of this type of ^nerator is 
largely <lue, is desigiusl to have an oiilpni of 10 kilowatts. Desigm 
have l>ee!i mado for a geucrator of still larger bizc, with a calculated 
output of no kilowatts and a frequency of fiOjOOO. This machine 
ie intended for truits-Atlantic work. 

For some of these machines, instead of driving by gear or steam 
turbine, a special 2-cycle motor has been devised, to operate at a 
frequency of IMX) cycles per second. 

The high frequency ultetmtor method is believed to possess a mim- 
ber of advantages over other methods, inasmuch it Is set in opera- 
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ticn by Dierely oiienlng a steam valve and bSLS no complicated elec¬ 
trical apparatus or circuiU of any kimL Tlie spec<l is regulated by 
the steam pressure, this ijcing accompltahedby an electricttlly operated 
reducing valve. 

For rneasiirlng the frequency' vurictus fipeecl indicators have \m^n 
tried, but it has lx^‘n found that the l>p=t way 1}^ to uhc ii resonant 
circuit} witli an ammeter ^shown in plate 11} in it}'’ this being an e?c- 
trcmely sensitive tne^^tis pf indienttng the frequency, uml in addition 
affording a means of iiutomiiti<-ally keeping the speed constant to a 
small fraction of a cetit. The refhictng valve is adjiistcil s?o that 
if left to itself the machine will run slightly aUive speed.* As iifmn 
as it reacbcK one-tenth of 1 per cent higher than its designed speed, 
iho resonance begins to full, °i^d a contact is openwl wbidi slightly 
throttles the stcuiii. In this way llie frequency h kept varying be¬ 
tween the limits? of one-tenth of I per cent above speed and one- 
tensh of 1 per ceul liolow speetL Wlicrt* the drive is electric instead 
of by turbine, a storage battery b usetJ to drive the two-phase gen- 
era tor, and even better results may be obtained as regards regulation 
than with ateam. 

T»ANaitrrr>ittj^. 

The types of transmitters most commonly used are the cartion 
transmitter and static transmitter, and the carbon transmitter relay* 

Pliite iO, Ggure 2, shows the staudnnl type of cnrlx>n transmitter. 

It was found that ibe onlinaiy carlwri tran fitter was unsuited 
for wireless leleplmnic w^ork^ on aciToiint of iUi iiiability to handle 
large amounts of power. A new type of traiLSitiitter w’as therefore 
designed, which the wTitcT has callc<l the *Mrongli ” tranFmitter. It 
ixmaisti^of a MMip^itoue annulus to which are clam[>ed two platen wdtb 
plutmum-iridiuui electrodes. Through a hole in the center of one 
plate passes i\ real, attached at one end to a diaphnigm and at the 
other to a platinum-iridium spade* The two oubtide electrodes are 
water jacketed. 

This transmitter requires no adjusting. All that is necessary is to 
place a teaspoonful of earlxan granules in the central space* It is 
able to carry as much as 15 amperes contiuiiouidy without the articu¬ 
lation falling off appreciably* It has the [idvantage that it never 
packs. The reason for this appears to la' iluu wlu^u tlie (.^aLtlson on 
one side heats and expands the electrode is puslied over against the 
carbon on the other side* Thc^ tninsmittcra have handled amounts 
of energj' up to one-half horsepower, iiucl under these circumstancea 
give pcmarkably clear and perfect arti{!u1ation and may be left in 

* rUocfrlciil WEjrkl nnU ^nineer, November 11. 

wHttnjr tbe nbove. my att^tlna Jma inHen aill&l to the fact tliat tae 
Rcaetal inetb«) of ^vemtnft by rewiuUa^^ wiis tn veni£!i| mid jetented by Keinp’ 
atcr n. NUUerp Ualted State* jtatert No, SKU^^7+ Pebrimry IS. ISOO. 
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circuit for hnuri; at u time. Piute 12, ligimt 1, sihows it moditiGd form 
with split buck. 

Plate IS, figure 2, sliowa a traiLstaUtiiig reliij for strong eiirrentis. 
The onlj thing noticenbli! ubout tbis iet that the telephone magnet is 
0 rlilTerentinl one, 

Plate 1^5 shows a tyjje of condenser transmitter in which the vibra¬ 
tion of the diiiphriigm niters tim electrical capacity of the IrnnsHsUter, 
thus tbiowdiig the circuit in and out of time or spilling more ur le^ 
enerpy thmugh u leakage circuit. 

Piute 1-1, figure 1, shows anotlier type of transmitting relay for 
amplifying Tcry feeble ciiirentA It will readily be imderiftood that 
where a pei-son in Albany, for esnniplc, wishes to talk to another 
peritmi on Ixjrird a sliip olf Ifew York, the wireless station tjoing 
lut-ated near Xew York, the volume of the transmission received at 
Xew York will not be very strong, and while it may be posb'jhlti to 
transmit it without amplifii-ation, amplification is mlrisable. 

This receiver is a combination of the dUTerential magnetic relay 
Hnij (he trough IransmilteL'. An amplificatiou fifteen times can he 
obtained without los of distinctness. The side clcotnxles of the 
trough are water jacketed. The succesaftil amplification ilcfiends 
upon the use of strong forces and upon keeping the moment of 
inertia of the moving part.*? lus small iis possible. .iVniplification may 
also be obtained by mechanical means, but as a rule this method 
introtliices scnitching noises, which are very objectionable, even 
though comparutively faint. 

Other types of transmitters bave also been used, such as liquid jet 
transmitters, Iransmitters operating by closing the air gap in a mag¬ 
netic circuit (plate 15, figure 1), and so changing the inductance of 
the oscillating circuit, etc. 

Plate H, figure 2, slmws a loud-speaking telephone receiver. A 
small iron disk is placed opposite a nozjile through which air at higii 
pressure is blown. As is well known, this causes the disk to be held 
close to the nojizle, The telephone magnets alter the positiou of the 
disk and thus produce very loud talking, 

The tranumitting relays are connected in the wire line uircuit in the 
same way im the ifgular telephone relay, except that in place of being 
inserted in the middle of the line they are placed in the wireless 
station and nn artificial line is used for balancing. There is no difE- 
culty met vvitii on the wireless side of the ajiparatus, but on the wire¬ 
line aide lliere are the well-known difficulties due to iiiibalnncing 
which have not yet Ijeen entirely overcome. For the correction of 
these difiicultics, therefore, w'c must look to the engineers of the wire 
telephone companies. At present the diHicnltics are, if anything, lesa 
than those met with in relaying on wire lines alone, 
iijus—13 
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TRAN55Mrm>'U ClHCXTJTO, 


Kigure S® allows* fi type of urc ciiriiit. 

Figure 3 ^ shows ft siiitnbJ^ type of oonnection for use with a higli- 

f req iieney n 1 tern a tor. 

Figure 4 shows n 
type of circuit for 
UFO with the condenser 
tninsmitter. 

Figure 5“^ shows u 
ty]ie of circuit in 
which the nnxiiilfttinn 
is aceoinplishcd by 
changing the induc¬ 
tance of one of the 
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oscillating circuits. 

As a mat ter of fact 
the transmitter may 
l)c place*I flltUiftit anywhere in tlie circuit Iwiweeu llio are or Jj^namo 
and the antenna, or between the arc or dynnuio nntl groniKh or in the 
Inins former ciwiit, or iVi shunt to an liHluetftnce or capacity* the 
results obtalntxl in all cases being bidistmgi.ii?ihicble* 

TJie sole crilorioii of success seems to be that the trails- 
tuittcr should be capable of hantiling the energy* and 
tlie circuit sliould be properly adjusted* Some success 
hfts alacj la"en attained by placing the tranFntitter in the 
field of the dyniimo/ hut this method requires* v^ry care- 
fill il(S:igning of the field circuit. 

I^eemivenf .—^Tiie receiver which the writer has found 
mofii saiisfactory for general purposes k the liquid 
laiirettcr* Plate 15, figure S, and plate l€j figure 1, 
allow tliL^ receiver* It consisls of u fine piaLinuiti wire^ 
ubont H ten-thousandth of an inch in diameter, Immersed 
in nitric acid- Tests made with this receiver show that 
it resjiontfe without apparent loss of efficiency to notc^ 
as high as 5^000 per second. Some very careful meos- 
tircmentH recently mmle by my assistants, 

Glanbil^ and Steitiy give the following rCrUilts: 

Voltage of high frequency circuit necessary to produce readable 
signals, 16 X 10^ volts. 




a 
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• Uiiitftl Wfntes 1*1 ten is Nah. 700742, June fl, lt>02, end 730753. ApriJ 0, 1900. 
&ruU-etl stall?* liiliMit 3io. T0ftT42^ Jane tk 1002. 
fl UniteU jaiteat No. 700747, Scptemlicr 2S, ItiOl. 

4 Viiiml Srjitcf^ iiateat l^'o. 7!>304£>, aiarcb 30.1005* 
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f^LATE 14. 



FkL 1.“-TvPE of THflt^SMCTTPNfl R^Y FOfl AMPUFVIM VlflY F^E^BlX CyRftEFJTt 



Fjo- 2.— UXiMPEAKiKO Telephone Receevea. 
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Plate tS. 
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Fiix at—UfluiD Barretter Rcceevejl 
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Ohmic rcsi^tunce of reoeiv^jr^ :?,500 ohm^ 

Value of higli fm|tiejicy curt^t necessary to producis readable 
signuU, C X arin>CiroiL 

Elcclromn^oetle wavn energy rtH|uifcNi i« pcodcice audible note 
for [>eriud of one scoond^ 1 X 

The telephone n^ed for detcctiiifj the signnLs 
had n rn^i^itaiice of sippit^dmutely I^WO oIirif. 

Sntiic meuFurementF were made to deletnUiie the 
chsing:o of cnTreiit in the telephone circuit Uy 
iisio/Y 11 sseieiitive giilvomcter in series with the 
telephone, hut the results obLiimcd were obrioiisly 
too low* possibly on account of the electit^tatle 
eapsicity of tlie turiiH of the galvanometer with 
respect to each other* It will noted that the 
amount of electrnmognetie wave energy ncees^iar}" 
to prcKluce u dgnul b considerably less than that 
given In a prevloijs note.* The difTereiicc b possi¬ 
bly to 1m; uttribiitiHl to improvements In adjustment and nx>eration+ 

The iibove measurements ^vere taken shunting the bnri-ettcr 
acix>£s a piece of straight resbtance wire in series with a hot-wire 
ammeter^ to ilctcrniinc the voltage iietfcsgary^ and by inlrtidiicing 

resistance: in series with the barretter lo de¬ 
termine the resistance of tlie barretter. The 
figures were abo cbocked in a mjmlM?r 
other %vnys and very concordant re^iUs wore 
obtained, so Uiai it ht Irelievcd they may be 
relied upon. 

The previously mentioned thennoelectric 
receivers or rectifiers of Doctor Austin and 
?Ir+ Pickard, shown in plate fignre 2. iind 
the vaciinm tulw receivers of Flemings De 
Forestland Cooper-IIcwilt also act %"crysatifi- 
fm'toril}^ The fact that the writer has not 
Ix^eii able to get as good result,'^ from them 
inny bo due to greater familiarity w^ith the 
liquid barretter ami hetenidyne tveeiver. 

Plate IT, figures 1, 2. and S show forms of 
UetcrcKlyrkc receiver adaptinl for use for 
telephonic work- 

fiticHifcr ci>nucriii>m ^ — Wliere the wireless telephone b fipcrated 
by first talking into the transmitter and then tlm>wingr a switch and 
listening, the nsiml wireless telegraphic connecLions jure used. Tliis 
Inis found in practice to be A-ery inconvenient* hoivever, and 





|f^n. —ClriculE.; locKltklAtion 

ii<i?mi?vplijibca cliLiiiiKEnjT 



FlO. 4.^—Circuit for 
DAC vrllb cuiiiliifiiiL^r 
murmitiftr. 


■ Klectrlcal W’orlO and Octct*er 31 , isKl^i, 
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Severn] methods have therefore beeii devised for tnlking nnd listeDinj' 
idltiultaiieously, which methods enn, of course, also be applied to du¬ 
plex vrircless telegraphy. Among these methocls may be mentioned 
the commutator metliod ’ and the balance method.^ 

The former mcllKKl is fair]}’ well known and consists in rapidly 
connecting alteiiiately the transmitter and receiver. Tlie balance 
metliod consists In usdng a phantom aenal slioim in figure 6, 
where P is a phantom aerial, the circuit having such capacity in- 
dnetance and resistance as to balance the radiating antenna, Tb© 
apparatus is shown in plate 18, figure 1. 



Ill order entirely to cut uni disturhances in the receiver while 
sending, an interfeteftce preventer, I P, the elemeoLs of which are 
shown ill j>lute 18, figure 2 and plate 19, figure 1, U used in the receiv¬ 
ing circuit, 

it may be Iiere nicntioued tliat balance methods work much lietter 
with wireless telephony and telegraphy than with line telephony and 
telegraphy, for the reason tliat ilte radiation rcmstance of an antenna 
IS alwolutely definite and is not affected liy the weather, ns are line 
cimuilo. Consecpiently, the hnlance can be made veiy sliarp and 

•ITalteU Rtatwi appllratkiii. So, IiMaiatMir 31 , idOG, 

• Uoltol itlatwt aptiUcatidu, No. acuaztt, April 6, lOOT. 
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PLATE IS, 



Fis. t.—Uwro Bj^nRETTiH Recover. 



FiS. a*—THEHMiaELECTRiC REGEIVEftgi OR ReCTIFiEFIA. 







SrttiTtiioNin Riport, 


PLATE 17 . 




Fii 2, 



Fia, 3. 

FlrfHi OF HETEflOOVKE RECEIVER AtJAlT^ED Ppm USE Lh TELEf*HE>flE WOHtC. 
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Plate 10. 



Fiflr k^AppABATUifi rm Balance Method of Talkikio A*to Listening 
@1MULTAHE0y$tY^ 



FlO. Z,—PaOT- of lNTefireRE.Nee P^EVENT^It to EUWI««ATE DlirURBAhCEfi 

ReccivecL 

















PU^TE 19. 



Fio. 1 .“Part Of Intehfebeuce PREVEMTen TO Edwimate Disturb Aitctfi 

IN RECEIVePt. 



Fka, 2 ,“WheaT*TOHE TRATtSMITTEfl US£0 IN CftPJtCtTf TE&t OF WlHELESfi LiKEfi, 



Fm. 3w—T alhino ev FlELAt^ i^pwm * Local Ciacuit^ 
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nnri^ madft does not iu'ikI to tw ultervd," Of E'outw?- Iiulf tlie encrtij' 
is lot^t, but this is w mutter of prufticiillj no imj^ortaiidCp as tlie outting 
down of the ^trengtli of n telepliotiiu conversation to one-hulf h ns n 
rule linnily notieenlik* espeeiiilly where there no line ntiises or 
dktortion of the s])eech through eapaelly effects. 

Re^^i^ing station r^lai/j —The receiving stnlion reluy U similar to 
the tninsmitting rehiy shown in plate 14* Hgnrc L The i^auie reinurks 
apply to its use in connection with wire lines as to the transmitting 
relay, 

Ot^EliATlON, 

As. will lx-: rcialized from the uhovct the operation of a wlielcffi tele- 
phone system is very simple. The ojwrator merely llu’ow'g his switch 
to the position for telephoning imd talks into an ortlinary transmitter 
and listens in iin ordinary telephone receiver. When the dupkse 
metliCKl is nsetJ, a.^ is ahvays LidvLsable, tlie conver^ition proceetls 
exactly m over an ordinarj' telephone line. Plate 2Q a phunn- 

graph transmitting music and speech wirdcsshv I^lnte 1% figure 
shows talking by relays from a local eireidt. 

I believe I nm correct in saying that the transmission by wirelcKs 
telephone is considerably more distinct than bv' wire line and tlirit 
tlie fine inflections of the voice arc hrotight out much better, ITiisj 
I presume, is due to the fact that there is no electH>stutic cajjacitj' to 
distort the speech, aa in the ease of wire lines, though i think the 
effect is also partly dne to the al>Hence of telephone induction coils 
with iron cores. Pofssibly some of the gentlemen pn?=fent have wit- 
iicsscf] the operation of the wireless telephone transmi^ioii lx;tween 
Bnmt Rock and Plytnonlh and between Brant Bock and Brooklyn. 
If soj I think they will l^tix me out in siiylng that the traiismis^ion 
was dearer than over wire lines. 

A-s a rule, tUere is abstdnte silence in the wdrelcxs telephone receiver 
excejit when talking is going on, though of course the usual noises 

nietfafK] naiy, of canrse^ be ased for ilupl^ working; la wlralL>aa 
raiiby. As some quedtlon han beea raSAetl la rcK^Lit] to iht* capnclty of 
less tcleirraatL linss tLe writer would sa^* ibat lie Iium r^ireil at tlio 

rate of 12i0 WLinlB per mLuiito bj and la oow es peri men ttni;!: wllb 

niipnnitnH drsljnieil to plre 00(1 words [wr imlnutw W ith duplexlo^ tUla irfira 
1*000 words rxr ukUiute er 00.000 word^i jkt hour. The mo na pier of oae of the 
rabie <'oiii|^inle(i Ima atntecl (l^ifon Hally yinU, S^nteiDbor 24 h 1SXH> 
tliDt all the tmaa-AUiiatSe rabies teitether {^end 24,ooo words per bcnir. Tt 
would aia^vaiL tberfferp, that If ca^iadty aloue bo considered u atatleti 

on eneb side of Qa^ Atlantic can baailJe more tniiBe tbau all tiie preset cabloa* 
[t sboQld l>e iKPlDted uut, hisweverp Uiai the mere ablUiy to hoEidlo tbe 
Is not sufEieleat and that auh^ th^ wireless lelc^ph eompaulea obtain luud 
fitelllMiia equal to ttu»^ at prestoit ^aiJoy«J by the cable i-xanpaaliaf they can not 
haudlc the tralBc at efHelently, 1. Oh, ooo not deliver a luessakie from Kow York 
to iiu Indlvldiulkl In T«oac!on and receive a reply Id the same tluio, PtaLe 
dOure 2* sbowB a WhraUitene transmitter ased for ibe test Ttferrod to* 
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limy Itc heard if pennons ^vylking' aer&ss thi^ room, etc. TliJs 
mates listeiiiji^ Icssi^ of ii strain than when tiilking over w-ire line^ 
Even during stH irn? iitniospheiio disttirbnnees the talkiiig k not inter¬ 
fered with to nnj’ nulicreahle extent, provided^ of eonrse^ that ati inter¬ 
ference presenter is used. 

A cotupaniLive te?! wos made with talking between Brant Kcn-k 
and Biuoklyn by wireless and by wire telephony. The talking over 
the wire line was done from a long-dbttanee station Ln 
The wircleasi tninKmisiiiun was eongiderably Uie better. The fnet tJ^at 
the wire line included in ibi circuits a cable from Kew York lo Brook¬ 
lyn was of etiUT^ a ilisadvaiitagej hut even allowing for this* pi-ac- 
tire and ilieory appear to be in agreement to the efTect that tran^^nl^- 
Bion by wirele® telephony over long distances is better ilnm by wire 
line. 

Tliis method should \)e of especial value to independent telephone 
compnnJea, which have their local exchanges, but no long-distance 
line^, especially no francluses or right^j of way are necesoarv* 

POssiBiLmE^ 

LoC-VL ExtUtANOES. 

Tliere b no immediate pro?^pcct that wireless telephony will take 
tile place of local exchangers. The difHculty in i-egard to ilie numlier 
of tunes can be overcome, but the fact reniains lliat high frequency 
oscillations can not i>e transmitted over wire^ and hence each aub- 
aerriter must have hk own generating stuiion. At tlie prci^nt tinm 
no method k known which would be pmctieaJ if placed in the hands 
of a subscriber. If anch means should lie fuund it would te very ctm- 
veniont to cull up directly instead of through on exdninge, but as I 
see it there arc no immediate prospects of tliisi 

I/iNCf-msTAxcE Ljnj^, 

I liflieve, lioweverj that there Is a field for wireless? telephony for 
long-dislance lines. The present lotig-dLstanoc lines are very expen¬ 
sive to coiLStriict and maintain, and a storm extending over any 
considerable section of country infijcts considerable loss on Lhe telo- 
phone companies Moreover^ the dktanoe of transmission is limit ml 
by the electrostatic capacity of the lino, as I iinderatiund ih Wire^ 
less telephony would have the following advantages: 

1. The initial cost would be vciy much less than that of wire luies. 

e. The-maiiilenance would be practicaHy n^ligihle in comparkon. 

3. In case of any breakdown it would be right in the station and 
not at some imlmpwn point outside on the line. 

4. The depreoiiition would be comparatively small. 

r». The numla;r of employees ii^quired would be smtiller. 


PLATE SO. 



PHDNEyinJ|J>H THAH9MrrT«M[3 MuaiC AflD SPEECH WlBELE^T. 
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f). The tj'sriiintR'^bii is lxrttei> nne] as there is no ilbitortbii of the 
s[)cecli the working distanoc is, it b believed, caiisidembly greater. 

7. I'lie IkxiliiliU' is greater. With wire lines n telephone <! 0 mpnn 3 ’ 
jiiaj' not be able to give a Boston subscriber u line to New York, 
while having lines frotii Boston to Chicjtgt* anti from Chicago to New 
York free. Oj^erating wirelesl^’ the w^irdess circuit normalI 3 ' used 
for operating between New York and Clueago and Itetw'een Boston 
and Chicago could Iw nscil to operate from Boston to New Vork, 

8 . No right of way need Ite purchased, and franchises, it ia helici'Cfl, 

inn not necessary’. 

It will be noted that i have niit mentioned any' dUa<lvantnges of 
wireless telephony for long-distance work, t presume this is l>ecaiise 
I am not a teleplione engineer. 1 hope the defects will lie discussed 
by the experts who are familiar W'itk telephone operation and there¬ 
fore hotter able to ]ioint them out. Before leaving this part of the 
subject I w'onld say that I tliiiik the question of interference has been 
w<irked out to such an extent that no aerious difliculty need l)c feared 
in that direction. 

Ta.\ NS MARINE Tiiansuission, 

Wireless telephony ts peculiarly sniteil for this class of work. 
Pupiira ingenious and tjeautifid method has been sitcocssfiil at Luke 
Constance. Switzerland. I believe, but even a^unuiig lliiit deep-sea 
cables of lids ty’ijc cunUl Ih? laid and o[>cnitL*i] aitccei^fiilly, tlicy would 
nevertheless Ik* very much more expeiLsive than wireless telephone 
stations. It is believed that wirelo^ telephony will come into ex¬ 
tended use for this purpose. Even without further development 
telephonic commuiucation conht lie estahlished lictwecn Nonvay or 
Denmark or (Jermany or Spain sinl trreat Britain; between Sar¬ 
dinia and Corsica and France and Italy; Iwtween Knincc and Al¬ 
geria: i>etwecn Australia and Tinsmania and .Vew Zealand; between 
the iriiUtal States and Cuba and Porta Bico, etc., were it not that it 
is at present forbidden by law. 

As regimls telephonic communication lictwet'U England and Amer¬ 
ica, my ineasim-mcnt,s .show tliat this should be possible with on 
cxiiendltun* of appmximntely 10 kilowatUs and suitobly large tourers, 
say tJOO feel high, or witli some of the new fornm of untenna. 
Whether such a transnii^ion would be commercially valuable or not 
b anotlier matter. Personally I do not see that it would, bin when I 
renicndier that at the time when the telephone was tirst being intro¬ 
duced a niimlier of eminent business men decided that the house-to- 
house printing telegraph would be more of a sucreis commercially 
than the teleplione. for the reason that no one would w’ntlt to do 
bu.siness unless he were able to have a record of the tratiMaction, I 
tunst adiiiit that tUcro is a possibility of my being mistaken in this. 
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WiHEiJEiis Teij?i’hosv ekom iSiiip to 8irii*, 

Here, Ilf course, wirelesa U'lephony occupies a iinif(iifl position. 
Wireless telej^niphy hfls die tlisniiviintu»e that jt telofrrflpli opeciitor 
must be carried. Tho niJditiotiuI expense is nn objection in many 
cases, The proposition that tlip captain or mate slmiild also be u tcle- 
praph operator baa not met with favor. AnyJsmly, Iiowever, cpii 
operate the wireless telepliotio and almost every' yi® 3 el rarrics nn 
enipneer capable of repairijig the electrical apparatus in case of acci¬ 
dent, The iinal arrangunient will, I believe. Iw this; that passenfuer 
vessels will carry a telegraph o]>erotor and use tiio telephoning apjia- 
ratus for ordinary work and for telegraphing where it is desired to 
comniunicate over long distances. (.Hlier vcassels will use dm lole- 
phono alone. 

WjHEi.fisa Tiii.KrirosE ntoii ,Siiir to ExortANon. 

This also will, I think, have conaideniEde value, as enabling the 
captain of a vessel to communicate, by relaying over the wii-o line, 
with die owner of the ship, or iHiabling a passenger on a ve»wi to 
comniiinicate with friends on shore. 

KANfct; or WinENEss T(';lepiio.\’t- 
ATMOfiPtJEajC .MiBonmos, 

Tlic great obstacle to long distance wireless telegraphy nnil te¬ 
lephony is atmosplieric absorption. For short distances up to 1(X) 
miles in the Tennierate Jlone there is little tUlfeietice between the 
strejif^h of the signals at one time of the day and another. As soon as 
the distance b increased much over 100 miles for the Temtierate 
Zones and 40 or SO miles for the Tropics the signals at nigbl are very 
irregular and there is great absorption during the daytime. The 
daylight absorptiun may be so great that less tlmn n tenth of one 
per cent of the energy transmitted gets Ihreugh. Some nighte will 
he as bad as daytime, while on other nights there will be appaiciiily 
no aluuirption, 

igure T is u curve showing the strength of the liiesaugisi trans¬ 
mitted la^twecn Hrnnt Kt^k, Mnssachuiuctla, and Macltrtlianbh, Scot- 
Lind, at night, during January, 190t>. Nothing at all was received 
that mojitU during daytime. 

Tlie change in the .strengtli of the signals is very sudden. In 
working from Brum Hock to Porto Kico, a distance of IJOO miles, 
the strength of the signals with short wave letjgths would fall otf to 
ono one-thousandth of their former value during a ]x>rifKi of less 
than fifteen minutes, while the sun was rising. 

Early experiments showed that- the abfiorption was greater as the 
wave length was increased and the effect was at first attributed to 
absorption in tlie neighborhood of th® sending station, and was 
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tliouglit to inetviist* contitiuously with the wave length," This fliie- 
tIInting utisorjtlion at one time njipt*cired to pleot* ii funLlamcntal 
ohslndo to coinmcrvial wireless telegrttphy, as telegraph eiiginoers 
will easily appreciate the impossibility of operating telegraph sj’s* 
tenia with circuits where the strength of the roeeivetl signals may fall 
to one thousandth of its value or rbie to a thousand timefi its vahm 
in the course of a few minutes. 



FM. T,—Curr* ilaowlee ?arlDt|(m tntedfitr of UniWIttlllillr mesMcet far tlw momCb 

of JsntuIrT, ItHHt. 

It was tlterefure considered absolutely essential, in onler to decide 
whether long-distntice wireless telegraphy was conmicrctally pofi-sihle 
OP not, to investigate this phenomenon fully. As a prclimiuRry, the 
station at Brant Rock sent signnls to four or five other stations at 
yary-ing distances and compamtive readings were taken, llic follow¬ 
ing table ktiows the general character of the results obtained; 
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'rhesc experiments proved concla.sively that the alitiorption did 
not take place in the n eighborhood of the sending station, because 

*» A tniimoorntfcMl csnlnnnllon of flits siijinowd tact was tij Pwtor 

Flemliia, IVtimipIcB of Klectrle Waves TelcgmiibY. i>it. UlT-Oia, ISoO^ the foliow- 
ID^ 01118 tioln^ neacbifd: 

“Accontinsly, the chief part of the weakeDim: of iLu wave hy saiillEhE Ir 
done la the Jictahhorbisitl «f tbe nnteaiui, when? the ninBiietJc fOiw « 

la Knwtc^, iiDtl It Is nwre sotiRti»)D for long nod [lowerful wcii-f^ thua for siiort 
abd feeble oncft. This ogives with the olisenratliKis of Mr. MnreooL" 
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thu ^itl\>lI0h of the rweived nt iiesir-by !^tntjonA wa^ tlie same 

<3nrin|j the Juy hh fluring the night, while thei’e was givtU vuriation 
in the elnength of signals received iit stations faiiher nwav- 

ll tvas aUi fniiTiii that the jilwot|nion at a given iniitunt was a func¬ 
tion of the direction as well ns of Lhe distance, since on u given night 
(he signals received stations in one rlirtwlion won hi be greatly 
w^eakeneJ, while them would tie less weiikeningof (he signaLs received 
by stations lying in ii not her direct ion, while u few hours or ii few 
inintite^ later the revcr^^ would he the case^ 

This was lliought to be DumcK^ted with the roniing weather eondi- 
tioie^j but la^fore this fact is proved a much larger uuiuunt of tlalsi 
niu?^t l«5 colicctetl. Th^^:^ugll tlie kindness of the United Htatcn 
W eather Bureau 1 was enabled to obtain a chart of the magnetic 
viiriatioiiti, and on comparison of these with the Eibi^irptiou IxUw’een 
the ilassachusetts ami ScoLhin[l statiojis there ajj|jearod to Ijc a quite 
definite rriation, i. o., the greater the alisorption tlic greater the mag¬ 
netic variation. Here also, liow'over, nnich mon? data is needed Ijcforc 
arriving at a definite conclnsion. The fact thiit the ahsorptiun did 
not take fdace In the neighborhood of the blending stalion having thus 
lx?cn definitely settlcHl the nest tx>int to be investignted was whether 
i>r not there was any way of overcomings it. 

The fact that varhitioTis in the absorption occumxl with eslrenie 
rapidity, the absorption increasing sometimes a h mid red fold in a 
singki ndnnte, and [tt nighty wdien the etfect could not be due to the 
sun direefly, seemed to itididiite that the hody [jrotlutitig the absorji- 
tion, wdiutrver it ivas^ was not in ri state of coritiniiity^ but was; 
broken up into niujiiieft like chnids.'^ This also was in accordance wotli 
some esp^wiments made in Brazil In JhOri. 

From optical ihcorii^ it Is known that wdim* the aljsiirption is 
pnxiiiced by conducting masses of a mnre or les^ definite size the 
iihsorptioii is to a rtulain extent seler^ive* The nest point in the 
inve^tigiitiou was^ therefore, to determine whether I hero w'as any 
possibility of this lieing the fact in the case of the alisorption of 
wireless jfignals. 

Compamtivo tests ivere lherefon> made of the ubniirptinn at night 
and duringr ih^ day iKitween Brant JiiHuk timl Washington, with wave 
lengthw varying from a friietion of a mile up four ttr five miles. 
It was found that the alssorption difl not inci'CLi^a* continiinuFly with 
the wave length, bu( reaclKHl a niasimum tiiul then fell off with great 
eiidtlenness. 

Figure 8 shoAvs the general character of the curve* the ordinates 
referring to the amount of the aij^iorption and the ubsebr^as to I be 
wavu frequency. 


^Klectrleal Ituvh^w, iR, 
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It ruay bo noted tiiat the absorption is n inaximiiiii ul a frequency 
of about a0O,00O per i>econd| nine hundred and ninety-nine (liou- 
sajjdlhs of ilio onergi' Ijoing absorbed iit thi^J froipjency dur¬ 

ing Joyliglit, whik for a frapiency of 50^000 tJio shsorption does 
not appear to be uppiwiablc. Longer ex[jerjmerits, of might 

billow Koine ;d>sorptjoii, bnl in any U is of a different order from 
the al>sorptifm for the shorter wave lengths. 

Ex|]criments were then made between Bnint Rock and the West 
Indies^ a dislanee of 1,T(X) miles^ during the spring and stiiiirner of 
190T. It was fomid that the results were of the same character, L 
that while therf? was gr«?iiter tibsori>tion for frcf[iiencies of 200,000 
there was comparativdy little absorptioii for fretpieiicie^ in the 
neighborhood of S0,000. and messHges were successftdiy traiLsmitted 
in daylight with this latter frequency. Ko messiiges were rticeived lu 
daylight vriih the higher frequency, though megsagos transmitted 
from the same station and with the same power mid froquency were 



FREC^JEKCr 

Fia S,—AJbaorpUoEi Rirr^ tCilii BrjiiiL anil iVdPliEhrlQii- 

nffirially reported m having l>een received at Alexandria, Egj^pt. a 
disk nee of approxbnaldy IjOOO miles. 

The fact that these expeHmetit-s were niuile during summer weather, 
nncl the receiving station was In tlic 'fropics, and the fact that the 
distance, 1,700 miles, whls practically the same as that between Ire¬ 
land and Newfonndland, definitely settled the question m to wliellier 
long’distanco wireless telegrapliy was a commercial possibility or 
not, and the r&sidts were therefore piihlishcHl," 

Since the publication of the Eilxive resnliSj tran^mi^ion ha.H lieen 
accomplidicd by meatiji of these long waves over still greater dis- 
tmiees during daylight, Jlr. Marconi, early in October* ifiOT, aban- 
dolled the short-wave len^h^ previously used and adopted one over 
two units in leiigtli, and immediately succeeded in operating l>etween 

*Tlie E-aeeldelaii (Ijuiniuiit. Jaly afl, IuOj. 
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Glttfo Bay, Xova Sccitiii, and Clifdclt, In’lutnJ, ii dblaiKM' of ninri; 
Utaii 2,000 tlie fiwiuL'in:y IwUig ajiproxliiiattily TO.OCK). TJu* 

ssajiii'; mcssagfti weru ri(?«i%‘wi itt Brant Rock, Mussaeliu^tts, a distance 
of nearly 0,000 niileu. 

Still tijoiTc njwritly Captain Hogg, of Hic Glacier,” Ims written 
lliat during the soutLvvnni passage of lUc Pacific ficet In; received 
messages from the station at Brant lloek, Mus<achuisetts. while off 
Cape bite, Rixjne, JJraisil, >SoiJih America, The frwiueiicy lumd fnr 
lajjiding was upprosirnatcly 80,000, and the (ntKWMgfh were rr«;ived 
with the very interesting arid Hmsitivr stlicart re«*t‘iver invented by 
Jlr, Picktini, This distance of 3,000 miles ia the gti.^iitest 3 'et adiicved 
bj’ wireless transnoHsion (hiring lia^-Iight, and would indicate that 
with the use of suitable high towers imich longer dLstiiuccs can be 
ranched, 

IL\XGR OP tt’fllEliE8S ITUlPJirSTf V AXfl Will lit.TKtaEORAPJlV CO^IT A IlHlIp 

For the isnnie Jjower it is possible to tclegrnjib to a farther distance 
than to telephone. Distinct sjieccli depends upon the presence of 
harmonics of a frsspicncj' as high ns 1 MOO per second. Tin: aniplitinlc 
of these harmonics is, according to sonic rough experitpents tnatle be 
the writer, only about I per cent of the fundamental freqiieiict'. 
Conswpientlj, with a perfectly moihilated transmitter, one Inmdr^l 
times as much eiiergj' would be iietcs-sury to teiephonr a given distnm*. 
as to telegraph. It fortunately Unpix'iis. however, that a carlion 
traiismitlcr and also the cinniitB in w hieb it is used, can tw hi con- 
stnicted as not to modulate perfectly, but ciin lie arningetl sso as to 
accent the higher harmonics. 

T\'itli transmitters arnuigi-d for the purpose good ininsiiiission has 
been obtained with thirty times the energy required to produce audi¬ 
ble telegraphic signals. By still further niodification the p>wer re¬ 
quired has been reduced to approximately ten times tliat tiecesstity 
for telegraphing, curiously enough without tmtiwahly distorting the 
ehiii-actur of liie speech. Then* is one fact, however, which prevents 
the ratio from lieing as lar^ practically as the instruments show, 
i. e., sjieech ean tw satisfactorily' understood with a less increase of 
power atiove a initiinmiu audibility than telegraphie signals. 

The amotiiit of pciwer necessary for wireless teluplioiiy may thero- 
fore fie taken as approximately five to fifteen times that n^'ssan- 
for wireless telegraphy, i. e., under the same cireumstances and for 
the same power the wireless telegraph will carry two to four times 
as far. Tlic ditTercnce iu range would be very much greater also but 
for the furious fact that tliere is much less falling off with sur-tained 
oseilliitiotis l!;an with intermittent groups of waves, even thougli the 
frequencies are identical. 
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This fact has been repeatedly determined by sendiiig between Bmut 
Rock and Brooklyn on the same frequency? using in the one ease 
spark-produced trains of waves and in the other the high-frequency 
dynamo* The difference in the falling off for the siunc frequency 
and cncigy is very great, but further work is necessary before any- 
tiling verj^ definite <mn be said about it or the reasons finally deter- 
uiiuedp ^ * * * 

[Mr. Fc^tidem concludes his article with a discussion of the didi- 
ciiUy of securing governmental authority and legislation for the 
development and operation of wirdess telegraph systems by private 
Gorpomtiona*] 


V 







PHDTOTELEdRAPITT- 


CunMuftma PAjfiNrrr, uj^rJ /or thr Ttiimnn! rftW de ^Tfinr. 


The transmi^iDn of pictures lo fttjiitnncc! by the electrical current 
!fi not rt new idea. It bad its inceptidn perliaps some thirty years 
ago when electricity itisclf was developing, and even then fnrnisliefl 
ground for Liupes which arc tOMlay partially realized. The inven- 
lion of tlie photophorie by (irabani Btdi hnd made generally known 
the aensitiverier to light of seleniimi^ and its utili^tioii for the traii.^ 
Rii£=^on of pictures was at once propt^d by many. These attempts 
were imKOcccssfiiL Indeed, during tlie last thirty years no further 
advance lias Ijcen mado in the direct reproduction at a distance of the 
images of real animate 

But if we resiriot our problem to requiring electricity to scad and 
reproduce, point by pointy an in uni mate picture, we shall find several 
interesting solutions, some of which have had practical trials and 
require but little fnriher development to be commercially practicable 
whenever a denmnd for phototelegraphy grows. 

The trails[sjdon of pictures containing only blacks and whites 
without any half-tones was tried in ISol by Backwell, in 1S55 by 
Criscilit and dually by d’Arlinctiurt iu 1872* All these inventors had 
in view not the sending of a picture^ but the transoit^ion of writing* 
Their pnrpnew* was to send autograplis by mean^- of the telegraphy 
hilt they iiatiirally could have- rejiroducod e<[UjiUy well other jien 
dcHigns. As the phototelegraphy of to-day still embodies these early 
ideas, it is really no iiinovaLiuin 

In order to reproduce in B an image. A (0g, 1), it suffices to move 
over A a style, a, so that it folluwH successively a series of very close 
parntJe! lini^, wdiile by some suitable means a second style, follows 
njxm the receiveTi B, traces similar to those upon A, occupying at 
each instant a position upon B siaiilDr to that whicli a has upon A, 

sTranHlaiiMl, by jTrmlHstoa. frcua the acvuo Aprli 3S, lOOS; 

arm vai. ix. xo, to, pnru. nm. 
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The two styles thus work syndironomsUy. If iiaw wo bo flevi^o oiir 
Hpparntus that whcD u reaehts fi bluck poftioti of its inmgOt the 
styloj marks upon B si bkck trace, thenj when Buflicknt time has 
elapsed for the style to haTc run over the eiiliro image, we w ill have 
in B fi reprodudioii of A* except that ttie latter w^ill consist of u 
series of points and pa mil cl traces, and so will not have the con¬ 
tinuity of the ori^mil iuni^i 

The ever-increasing use of the jirocesses of photo-engraving Ljls 
accustomed us to such discontinuilies Dnd, provided the parallel traces 
are not too for apart, experience has sJiown tiiat the reprtxUietiim will 
be very sal is factory. 

I^t us cou.siiler the tnethods used to prmlucc the synciironisin. The 
pliototelegniphic apparatus for whidi the proceaseij have Imhhj the 
most developed in this respect make use of an early conception used 
hy d^Arlinconrt and which ha^ now' carried to if very high point 
of precision in certain actual telegraphs sodi as that of Uniidot. 
The doiee used is as follows: The sheets, A imd B, are mltcd upon 

rotating cylinders. The cylin¬ 
der of the receiver, B, turns 
a HUle faster than that of A, 
hut tile advance mude each 
torn is tcKj small to produce 
a sensible distortion of the 
image. In order to perfect 
the synchronism, it is sufEdent 
to stop the cylinder^ B, a very 
i^hort time until the cylinder, A, tiinrs to the corresponding poaitioiu 
At that moiaent a contact, controlled hy A, sends through the line con¬ 
necting the two stations n current, freeing B* nnd tho two cylindcre 
start simultaneously from the corresponding parts at each turn* This 
device avoiA^ the aceunmlatioii of smal! errors Ln the speeds of 
tho two cylinders, and Ihc resulting image In practically satisfaelory. 
The speed of rotation of B k adjusteil as to las a half or one per 
vent faster than that of A and the moment of correction is bo chessen 
that it always falls somewhere on the margin of the i?ai>er where no 
part (if the picture is to fall 

The stjdes marking on the cylinders wotikl always trace the same 
circumference tf they w*ere not made to advance gradually tow'ard 
one side. This movement b impressed by means of a senwv parallel 
to and whose motion is controlled by tho cylinder, A nut moitiite<l 
on the Rcrew cmries the style imd as this nut b kept from turning, 
the ^■iy1e ndvimce. The comhination of these two mnvemenL^, 
the rotation of the cylinder and the advance of tlie style, causes this 
^yk to e^vplore aucctssaively iiQ points of the picture* 
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So nmeli for the past- Let iia now see Iiow the motlern iiiTeiitor 
lias fiolvcrl the many otlier Frofcsssor Korn^ of Mimich, 

nlone makes use of selenium; all the odiers use some meehanieiil 
deFiee, 

APPARATUa, 

This appamttis is representeil in figure % in the form in which it 
wa^ tested in Paris, hy tlie journal ^ I’ll lust ration,*^ in [■'ebnjary, 1907. 
i^ince then the sclieme has bc?en altcretl as shoivm in figure 5, but this 
incidificatioTi, interesting in practice, really offers tio real change ki 
the mode of opera Lion, we will use figure 2 for de^^ctibi^g this 
proet^^ 

Al the transmitting station, the picture to be reprcMlnowl is in the 
fomi of a photogniphic film rolled njjan tlio cylinder of glass, a. 
This cylinder* m run by an ele<‘tric motor through the tangent screw 
arid wheel seen at the upper i>a±-t. The fartlicr metallic end of the 
cylinder forms n 
uut working on 
n vertical uxhf so 
that ss the cylin¬ 
der turns it 
moirnta or de¬ 
scends, Under 
tlic cylinder is 
placed the e^ssen- 
fiiil organ of the 
transmitter, Ihe 
f^elenium celL A 
soiiroQ of light, ?/, ]daced at the dde, sends a hundlc of raye upon the 
lens, r, which focuses them upon a point of the photographic lilm; 
these rays tnirersing the picture are more or less weakened according 
to the opacity of the film at that jiolnt; the IransiiiiLted light diverges 
and IS received by a pristriT whidi n^flectB them to tho selenium 
oelh 

It is easily seen that, because of the motion of rotation and the 
progression of the cylinderj all points of the picture pass succcKFively 
under the coiicentratccl pencil of light, and the selenium cell is con¬ 
tinuously acted ujjon hy ihe successive variations in the intensity of 
the light. Selenium, when It is in the suitable allotropic state, offei*^ 
a much greater rcsisitaUQc to the pass^age of an electric ciirrent when in 
tin dark than when exposed to the light or heat. Coua>qnentIy. if 
the scleDiUfj] cell is placed in, a telegraph line mtli a hattciy, the 
strength nf the cumnt receivcft at the other s^tation will show at each 
instauL the opacity of the [x>ini of the image then passing niitler t!ie 
pencil tif mys, and it remains only to utilize the variation of this cur- 
88202 —au 
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n'lit for roprodncing hI the reeoivin|r t^tatiori the iiiiii^ at tli€ swuitio;? 
station. 

We will not dcscriljc here the device used by Korn for znEikiii^ 
mcinifet this imBge!. Tic ui>ed the calliode rays produml hy currcnls of 
higli frequeijcj' and ii very sensitive gulvanoineter. Thi^s very LiigEii- 
ioiis receiving device wast however, too delicate for ortHnnry practice 
and IS to-day replaccii by a much ^^impler and rougiier apparatus. 

The current sent hy the transmitter passes throiigh a Rtring- 
gal vanometer, whicJi b made to moi^ nr ](h^ nbfscure n windou-^ nu 
through which a luininous pencil of rnyiSj emanating from the lamp, 
l\ and concentrated hy the lenst L enters the dark ehniiiber which 
holds the receiving cylhiderp /, The latter turns upon its axis sirii- 
Inrly to the iniiisiuittliig cylinder and b covered with ei sensitive 
photogniphic film. The lamp, and the lens, A so placed ns to 
prmluce iifK>ii ihb film a very minute point of light \ the varying 
y diaphrugiLi canded by the string- 

Y i va jionicLer renders tlic intensity 

— --——-— -— of tlib jioint of light propcirtioual^ 

or inversely proportional] to ihc 
snirreut coming over tlje line, and 
consequently to the opacity or 
transparency of the corresponding 
point of the imago we wish to 
reproduce. The impnission upon 
the film varies willi regard to the 
oi'igiual iuLo^ according to the 
mofle of disposition of the dia- 
phragni £0 tliai it is pussilde to 
obtain a positive or m^gaiivc reproduction* Tt remains only to sle- 
velop the film to liave llte complete reprtHluction of the image sent 
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over tlie line. 

Figure *2 indicates the device used for the synchronism: TTie lever^ 
w* very eJose to the fUsk, u and sjtops that disk when hits the 

spur, £LS the moventetit from the electric motor is tramiiniltcit to 
the cylinder through a friction clutch fornn^l by the cone, and the 
the motor conliinies to turn; as soon ns the trunsrnitting cyb 
inder, comes to the proper point, the finger^ /, will touch the springs 
bimkiiig the current which traversers the electro-magnet, // tlie 
latter frees Its armature, the Icverj u, comts fiwny from i*, freeing the 
cylinder which then rvrtum&s its rotation. Tlie fiaiuic «murse of evf uts 
riR;iirs at each turn of the cylinder^ ct^rrccting the ftamll viiriations in 
itH s|iee<b pi^ivided only that die receiving cylinder, /, liims n little 
fa.ster than the transmitter, a, 

LrfCt us cxaiidne isome further details of the apparatus. Tlte seleni¬ 
um cell IJS formed of a Uitle slab of stone or slate^ figure 3, upon which 
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trnund. parnlld iiml insulated from cacli other, tiro fine plutinuni 
wires, J Mild ± U|ion one foce tlm slab is covered w'ith n very thin 
coat of selenium so that these two platinum wires are now connected 
thnni^di the selenium and this separating n?sistan<!c con 1>e doublcnl or 
even iiioro than dnnble<l by removing the cell from ihp light tf> liark- 
ness, ft is also O-xtreniely hiipnrtoot to protect tliese cells from the 
ordinary variaLiouK of tem(>eruture dunug an experiment as their 
resistance varies from l>oth liglit and heat. 

The strlng-gnlvanumeter used by Kom is a very recent device and 
was first made a few years ago by Ailer as a receiver for submarine 
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telegraphy. It possessa^ it very great sensibility and Einthoven has 
fiinw coiLstrnclcd one which will detect currents of the order of 
lO-'^ amperes—a milliontli of Ji microampere, 
liedticed to its simplest, schematic form, the 
si ring-gidvanometer consists of a thin conduct¬ 
ing thread, f (fig. 4), atretchctl Ijctwoea two 
fixed points, a iinJ b, and passing* between the 
poles, PP, of an olcdro or a permanent magnet, 

A current passing thiTmgh this thread causes it 
to Imnd ill u direction perpendicular to the 
liia*s of force of the lielil and this deflection is 
obseri'ed with a jiiierosco[)e whose axis coin¬ 
cides witli the direction of the field. Einthoven 
nswl a thread of silvered r^uartz having a rather 
large electrical resislunco and a long period of 
oscillatioii. Korn constnicted it of bronze, and 
»H it must carn^ the diaphragm used for vary¬ 
ing (ho light, it had rather large dimensions. 

Ill the first (rials Kom^ as did all those 
who Itail preceded him, used the total variation 
of the resistance of the selenium, but he early o*hh.ht. 

saw it was impossible to obtain in that way rapid signals on acixmnt 
of u certain inertia which the selenium had in following the varia- 
tbms of resistance impi-esset] upon it by the light. The resistance of 
ihe selcuhim ul each instant depends not only on the illumination to 
which it is then exposed, but as well upon its previous illumination, 
and if we wish Uic cell to nUnm to its normal re.'iL--tanoe in the dark 
It Kiiist l« given a coitsiderable time. Kom overcame this dtflictilty 
through a mctliod of coinpen.™tion which used the small differential 
vanntions to the n-sistances of two cellti^ne. e, which is a part of 
I he tninsniittmg and is submitted to the direct action of the 

liglit 2), tlic othvr wliich servfts in the newivti'r and k placed 
before the auxiliary lamp, o, the intensity of the liglii of which is 
vaned by the string-gntva nometer, q. 
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Tlic plan of the appnrntiiB ^fig* 5) will show how tliis compensation 
takes place. Two selenium rolls. Set and Se., form two brandies of a 
Wlicatstonc's bridge, tbe rcsofitanees, A and B, sen'ing for tbe other 

two arms. A baUety fumislns 
the current throuj^ two op¬ 
posite junctions of the bridge, 
the line and the galvanometer 
being connected to the two re¬ 
maining jimetiona. The cell, 
Se,, is placed in the sending 
iippnratus; it is exposed di¬ 
rectly to tliD ligtt traiisvere- 
iiig the picture which is to be 
transmitted; the cell, Se^, is 
lighted by an auxiliary source, 
obscured by the galvanometer, 
ff, and the apparatus is so 
devised that as Se, receives 
light, the equilibrium of the 
bridge is broken; but the gal¬ 
vanometer, 10 deviating 
uncovers more or less tlic 
au.xiliaty beam so that Se^ 
broumes illuminated and tends 
to reestablish the equilibrium. 
The galvanometer of com¬ 
pensation and the receiver, 
6, teoeivc the same current. 
The difTcrciico lietween figures 
a and fV is that, in tine working 
apparatus, the oell and the 
compensating galvaiicimeter 
are both at the transmitting 
station. 

The Korn system is the only 
one whid) has been pmdieaUy 
tried with the transmitter sep¬ 
arated from the receiver. In 
the trials between Munich and 
Berlin, during the year 1907, 



the tranemissioii of a picture 1^0 by 940 millimeters, reduced to ap- 
proximutelv JW by (34 Dutlimeters at the receiving station, was ac- 
com[>lishct1 in six minutes. These trials were made over n double 
telephone line ami at night in order to avoid the disturbancea pro¬ 
duced by the neighboring lines. 
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Thc system of Bolin is far simpler aud roquiress besides photog¬ 
raphy, oidy purely mechanical de^'ices, such that in the triaia, al- 
lUough they were only local and with no attempts at ^dironism, it 
wnii possible for him to funiisii more pnictical results tbuu those 
<»btaiited by Koriij despite the ingenuity and the niucb’praiijetl devices 
of the bitter. 

As we have jiLst snid. Belin did not wUh to complicate his cxjwri- 
ments with tbc [irobleiiLs of i^’iiclironistn, knowing that there now 
exLst many tried means of solving llmt part of the prohlcin, wid he 
contented himself with coupling uiechauicuUy the tninsuiitter and 
the receiver side by aide. 

The picture to be transmitted is reproduced upon a hvebromate 
gelatin film. Keproductioos of this kind are known to Iw much 
thicker where tiic light bus acted the most intensely, niui coiiseqnenlly 
a photograph on such a bichromate gelatin film him a variable relief. 
This property has, 



indeed, been made 
use of in some of 
the processes of 
photo ■engraving. 


TIio bk-hroma- 
tizcd-gelatin film 
is rolled at O (fig. 
upon a cyliii- 


1^10. 0,—apiwiniTrifl^ 


der, Cj wliicli lijis a liouble morement of rotation iind Iranslation as 
in tlio priHSiling appiirittii^ A Itver,, jointed nt its iippc'r part , carrits 
31 stjlo 3iJuiiogoii^ to thoi^ i(S4^ -sritb phono^aphs, and rtsstiiig firmly 
upon ihxt lilrai follows all ihij reliefof tlie latter. These diaplat^^ 
merits of lUc style are magnlJBGd eifrbt times by a lever near its lower 
extremity^ tlie end of this lever forms a minute contact which moves 
over the bars of a rlietufetaij K. The circuit inclo»eH a haltery, the 
rheostat,, H, the line and the receiidii^ apparatus. According to the 
value of tlie relief at the [wint touched by the style^ the reHistauce 
taken from the rheostat is more or less great, and so the intensity of 
the current in the line varJefw At the receiving station the iippaniiuis 
consists of a gulvuncjuicter, O, whose mirror receives light front a 
lamp. Tlie jiencll of rays reflected from the galvanometer falls upon 
a lens so placed that the light which traverses it is always bniuglit 
to a focus at the point, F, upon the photographic film* A. Tic fore 
the lens there is placed « -^rceiu composed of twenty strips of 
increasing capacityj called Ijy l^eliu a gamut of tints*'' Atxtirding 
to the deflection of the galvanometers, that is to say, according to the 
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intf-iiKity of tbc cun-t^nt coming over fbe line, the lummous jH^ncil 
Frsivci^fis n piirt or less opufiuo of tliia gninnt of tints uml 

Flvi^ intensity of Uio light nt F consequently varies AecoixUng the 
reUeelGfl rtiy pussies llirnugi^ n dark or ejeyr part of the "'gn.nmt'^ 
when tlic style of tlie transmitter i& upon ii thin or white portion of 
the film will the result be n ixjeitive or a negative, 

Ttie cylinders C'. of the receiver itictos^ in ii dark cluimber and 
covenxl with a sensitive film. A metallic seroen, pieroeti witli a hole 
one-sixiU of a millimeter in iliameter, is sitiiatt^l at F aiul limits the 
o?£teni of the film acted upon by this light. And finally, in ortler to 

ovoid the plieuoinena of difTraciion, 
this pioreetL metallic screen touches 
closely the sensitive surface of the 
filnn The reproduced image is formed 
by tlio jiudapceition of short lines one- 
sixth of a millimeter in breadth. 

We would call attention to two 
special fealursis in the ;ippa 4 nlus of 
Belim The rheostat. Kj is comixjsetl 
of SO reaistnncesj the values of whidi 
are calculated with due allowance for 
the resistance of the line so that a 
projjer variation of the current will Im 
reproduced.' These resislaiices are con- 





necteU to a Uttk conimutator com¬ 
posed of '20 laminte of silver^ separated 
l>y leaves of mica. This assembly poi^ 
sesses a ihicbncss less than 3i milli- 
metets; utjon tlie surface of these 
laimna> works the contact of the lever 
wliidi h actnatetl by the relief of tlio 
bichromatiJ^ed gelatin film nf ihe cyl¬ 
inder, L\ Thhs piece plays an iinporlant lAle and 5a a most del tea to 
part of the cipiaimtu^^ to construct* 

Iii order to obtain a rapid transmission of the signals it ii? nec¬ 
essary to use a galvanometer, at the same time very sensitive and 
of u very' jdiort [period of osdllation. Bdin employed an instru- 
mcnl fjorncivliat widely used to-day in laboratories, the oscillograph 
of BloruleL lliifi apparatus, represented schematicQlly by figure 7, 
mnsists cissiUjtially of a flat, extremely tine wire attached Ix-tweim two 
fixed points, tt and and stretched at its lower end by the pulley, 
whidi ifi attached to a spring. Tlic wlndc of this is i dactyl la^tween 
Uic poles PP, in the very intense magnetic field pcodueed by tha 
(dectnj-tnagnet EE. TMien the current moiints in one of the blades 
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nfid de*K^nds in I ho oilier, one of the hkdes teruls^ to tlisplftre 
p^rpeiulJciihfcrly to lUe pltino of ilie Jigiuicf foivvArcU nnd tho othor 
Imckwiirih tills etiusea a lotiitiHU of its mirror itiid it is tbi^ lattor 
movement whkli h used Un- priding tlio rt'nLV.ted beftm of light 
lilHin tJie 5 ^ 1 x 1 Eible part of llio gaiiiiit of In oixlor to have a 

more csRct idea of the dimenaiona of this galvanometer, lei ns sup- 
j>we that the poles of the electrmniogiiet are i^eparaied by about 
1 or 2 ininiinelerst that the ivire Ih a ribbon of broiiKe about 0.02 
to 0,tKl inUllnieter in thkkneSii and 0-10 lo 0,20 mill!mister breadLli 
Htid litially that the between the bladeii h of the order of O.L of 
a millimeter. Such an instrument would have a i>eri(Kl fif tiaeilla¬ 
tion of iilKmi two or three teii^honsvaiidths of a ^'Omh 
Aa has ulmady l^een aaid, Helin has never made any but local 
Lrialst the line being looped upon the apparatus, E^jwLmeiita bavo 
been made with a 
line from Paris, 
tbrough Lyons^ 

Tulk^ Bordeau?£, 

Angouleme, and 
l>Hih to Paris, a 
distimee of about 
IJIT kilometers 
Wiib these eon- 
dUlutia unJ a 
spacing of about 
une-sixtb of a 
niiilimoter be^ 
twwn the traced 

be could reproduce u photograph K1 by 18 ocntlmelrra in twenty-two 
minutes^ whlcb^ soppo^Hing Lbe figure to be composed of points ono- 
sixth of a millimeter on a aide, would cornsfpond to (543 signals per 
fi^cond. Bell 11 tried also the transnii^ion of a landscape, which to our 
kripwledgi: Korn never did; hut it seems that he tried to get n trans* 
mittvHl picture in too bold relief and that the spacing of one sixlli 
of a niTllimeter is too smuih especially if the result is to be used for 
Uiipretsiions by the photogravure process. By sjiaeiiig the traces a 
little farther apar* and augmenting the s^iieed of rotation it would 
Hcein |iossibla to obtain beautiful results and a greater vidoeity of 
transmission. 

AFPAOATtTS or BEHJONJfEAtT. 

BcTjonneaii u^d as a transmitter a stereotype plate hatched simi¬ 
lar to xho^. used ill sLniiligravures, This b rolled upon the cylinder 
D (Jig. 8); ail the points of lU surfago pass under the pdut of its 
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stylt* which « ffpring F prt^sscs iipoii the pltite. As tliia phUii is com¬ 
posed of e scrieia of tuore ujhI uiurc extended as U is desired 

to repre^seiU si black more end more when the style passes 

over tliese points it closes the line tlironidi a battery during a greater 
or less pcricwl nccordiug to the length of cuiitact touched on the 
plate and the iransniittenl signals Ihctefore consist of a of 

eti[rents of the same intensity but of vaiying duration. 

A Maiievvhat similar apparatus serves as the receiver. The cylin¬ 
der D is covered witli a sc^tiisitive tilfu and liefore im opening into 
its dark chauibtr ia placed a Imup. An cle^rlro-nuignct placed in the 
line circuit carriest a shutter stopping or allowing the light to fall 
npou the fihn; the half tones are due to the length of the |ioints 
lni<M?d hy the luminous pencil. 

Ai-pAjiAnja or c-vium>kei*i.e. 

This system recalls the telegraph of CaseUi in its use for Ihe traiiF^ 
rohter of a design tnieiNi with greasy" ink upon a metallic sheet* Ills 

receiver, iiowevor, 
is wholly different. 
It consists of a 
telephone the meiu- 
bmne of which car¬ 
ries a style which 
crigniAX‘i5 ill the vrax 
or h-ai] writh which 
the iwoiving cyl¬ 
inder ifi covered. 
For t ninstuil Ling 
photographs or 
dniwings in half 
tones^ Carbonello suggests the eniplo 3 nneiit of hatched photographs 
ns was done by Berjonneau. 

In the IrioLs Ijctw'ccn BrusSHjls and Antwerp, Carbonello sent a pic¬ 
ture, 13 hy Iti centime tors, iu eiglity se«)nds. 

AlTAIlATUS OF SENLECQ'TlVAt.. 

IVc w ill say ii fow worils in ck^sjiig about an apparatus which has 
betm unnounecd but does not appear lo have been tried. In the device 
of Senlocq-Tivalp the photograph to be sent is made by the carbon 
process, using in Llic place of <?arbon a conducting powder^ ami the 
preparLHl plate is rolled upon the mcLallic cylinder A of the trails- 
niitter (fig, t^), A style S closes acro^ this film, a circuit con¬ 
sisting of a btttter 3 % the electro-iiiagtiet B and the cylinder A. Each 
[Kjint of the film has n eonductivit)' pro[>ortio[ia] to the opacity of 
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the iinuge; conseqiJtiitly the elraztnj-niiugnet B receiver ii eurretit 
which is n functiaJi of this opacity. There is iiexT interposed a de¬ 
vice, destined apparently to accelerate the trattstabsioiit hut whose 
rt^le seems somewhat problematicaL 

Upon the dnuu C is wound in a hdis a steel wire. Every point 
of this w-ire passes consecutively under the electromagnet B, w'hich 
prcxiuces a magnetisjn proportional to the intensity of tlie current- 
This forms the lelegtaphono of Pemisen. If now' O b caused to turn 
before another magnet connected with the line^ in the line there are 
p roll need currents wduch work a stTing-gnlvanometer T, which con¬ 
trols the light striking the sensitive photographic receiving plates, 
Wlmt is tlie future of phototelegraphy? At present it would be 
imprudent to make any prediction. Will n demand be felt for U? 
Ves, to some extent^ efii>eciaily by the newspapers^ which feel n greater 
and grenter need for the rapid tninsniisiiion of information, often- 
limes in the form of photographs or sketches; by the police for Uie 
tmiLsniLssion of the description of criininub, etc- But for nil these 
lilies evidently the devices must revive mani’' impi’O^^nients. 

On the other halide is it necessary to wait fur Hie demand before 
making or improving ^ch apparatust Evidently it is not. for in 
that case it would be the organ creating the function. Besides we 
should recall that these esperimeiiUs are steps toward seeing at a dis¬ 
tance. El problem wdiich does not seem susceptible of direct solution 
and which» pro|Xjfied more than thirty yciii^ ogn^ has so far led only 
to phntotclegmphy. The latter may wdl, lio\vever, in its turn, lend 
us in a siduliou *>( the originnl pi'ohkm. 




THE CJRAMOPHOKE ANT) THE MECHANTCAL RECORD* 
ING AXD REPRODUCTION OF JIUSIC.VL SOUNDS.* 

UVlth S plBttM.] 


tavxu. K. fCiDDie, 


The tnechanicat rcscordlng and reprodiK^tion of souBda liae already 
becQ dealt with in papers rend before thisi society* The talking ma¬ 
chine was introduced to the society on II ay 8» 18T8, by Sir William 
Preeee i on the 28th November, 1833^ Colonel Gouraud read a pajwr 
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entitled phum^graph; and on the 5tb of December of the 

joar Hfr. Edwards read a paper on The graphophone^^ 

I do not propose this evenJi^ to gtj over the gromif] covered by these 
three paper?;, which deal with the discovery of tlie talking machine 

*I£eprliitei.1 by pcniifwloti, after revlnLoa by the author, from jnanuLl ol! 
the Itoyal Society of Alta, LadUcjii, 2^ Voi. LVI, May a 1908, with aJOi' 
tlDoal UltuatalJona furol^htil by Mr. EhuUe Berliner. 
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anil iho iniprtiVtMiic^ats made in it up to twenty years ago^ but I sliall 
dojil more part kill nrlr i-vitU tUc iiiveritian lutd the development of a 
Inter ty|Mi of talking nmebineT mid sihull describe the various indiis- 
trlul and other prtHje^k^ which are connected today with the record¬ 
ing and rtrprodurtioii of twiioil by ineannof this machine, 

ilefoto going further 1 should like to cnll your attention to tw^o of 
tile instillments lie fore you; the larger tiiadiiiie is one of the latest 
moiJels of the graniophone and the smaller is one of the earlif^ss 
types (fig. 1). '^The difFererice in apiiearance of the two nniicbiues; 
is striking* but il is small compLired wUh the difference in tlieir capa¬ 
bilities, andj if ''ili sllow me, I will make this apparent by en¬ 
deavoring to obtain an audible reproduclion from the oki-fasliioned 
type, and will then play a short selection^ on the up-to-date instru¬ 
ment. 

The progress irnidu toward perfection during the of twenty 

yt^ars since the hi vent ion of the griiuu>phoiLe Ims been very cT>nsidcr- 
Eiblcj and so rapid has it been in recent years that too many iH^ople 
to-day when tliey hear the word “ gramophone mentioned inuiie- 
diateiy think of an iustnimcni like this (small imidiine) and of the 
sounds which it piwUiccd just now. The j^Hirticukr lines upou 
which iinprovcinents have been carried out I will deal with Inter, 

Thi^ gramophone was invented by Emile Berliner. At an 
early age he left his home in Gennany and went to America^ where 
he worked for u number of yeat^ with great success on telephone con- 
htnictiom lie afterwards turned his attention to the iniprovement 
of the talking niachine, and on May 4. 1SS7, just tweiity-nnr yefirs 
ago* he filed an application for patent in the United States, and a 
. corrfiiiMiiurmg applRTitioii in this efamtry hi November of the saiinc 
year* On Muy Bb l^SS, he exliibitcd hbs inveotion before the Enmk- 
lin In'^titntCj rennsTlvanin. 

At the date of aMf, Berlinerinventions tuacUines for reconiiiig 
and reproducing s^iind were already known and In Some ten 

years earlier, in 1818+ Mr* Thomas A. Edison bad patented the fir^t 
practical tAiIking machiiiLS and he termed the recording machine, the 
n'i^ord, an,d the reproduciug machine a phonograph- a phonogram* 
and II phcinet, respectively. In tSSli the gniphophone was invcnietl 
bv Ptx>f. Graham Bell and Mr- C S. Tainter, of telephone fame, 
wdiOj working as the Vollu Ijiboratory .^Vssociation of Washtrigtun, 
had U'cn stuilyiiig the prt^lcni of recording iind reproducing sound 
for sonic years. The fundamental principles on which thcj^o two 
iiisiruments, the phunogmph and gruphophone* worked were the 
]^mc. In each the sound weaves set up in the air by any itOuhtc 
of sound werp allowed to strike w dditutcly held iliapiiragm, which 
vibrulcfl under the impact of the sound waves^ The vibratioiL^ of 
tlic dtuplmignn were made to leave a record on a suitable mediimit and 
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tliis sound record was in turn iis«i to perform tho inverse opcrntion 
when it wns retpiired to reproduce tlie recorded sounds; that is to 
say, tho record wns mnde to vibrate a ficnsitiTe dinphregm, and this 
£)et up in the oir particular waves, Ti hich conveyed to the ear of the 
hearer the itnpress^ioii of smind. Tiie essential diffcreiict! betwren the 
Edison and the Bell and Taintcr types of sound recording ami re* 
producing mnciiliies lay in the manner in which tiic vibrations of the 
diaphragm were recorded, for while Edison’s invention consisted in 
iitfltiitinf/ a record with an tip and down sound line, Bell and Tainter 
obtained a reetinl by cutiint/ an up and down line in a suitable me* 
diiim. According to lioth these inventions, therefore, the vilicating 
diaphragm was niade to produce on the surface of the record a sound 
line of varying depth- Berliner, on the other hand, traced or cut 
Ida record in the recording medium in ilio fonu of a sinwous line of 
iiTiifonii depth (fig. 2), -^substantially,” ns lie snys hi his paleut 
spcdficuiion, in Ibe maiiin;f 
of tlio phonavitograph,’'' in* 
ventctl in ISfiT by L^on SooiL 
Thr idva of nicortliiig and 
n;|jr<HluclTig siseech on thisi 
sj'steiii had occurrevl to H 

Hr. Clinrle^ Crtias^ n Frcncb- 
rnimy Trlio on April 30, ISTT, 
dcpositetl o sen led packet with 
tlie Aciidiinio clos Soicncct^^ 
l^arb, ill wlucli he discloficH:! the idcfl of reproducing: fsouiul by metins 
of n pcnnanenl metal record obtained from a Scott pboiiiintograpb 
by phoLoengraving llirough the coating of lampblnck in which the 
fioiind*Utie was traced. Tliii^ he anticipated Berliner, and Edison 
as well, iw ftiT a^ thi' iden watit: but he cau not lie said to have dis- 
dosed tlie nieanw of currying his ideas into praetice. Mr. Berliner 
only lietrainc aware of this gentlemnn^s invention throe months after 
he bud filed bis own application for a patent. In the Electrical 
World of ^"ovem^>ol■ 1% 19S7, in which he fii^t tiiade pTiblic bis inven¬ 
tion of tlie gramophone, be writes of iir* Cross as follows: 

AUhon^ti tip hsal vlrtnnttr ntiandnnrti lil« Invtjntloa, Itie fact rciaaltisi tLat to 
Mr. Cliarlefl <*kshs tie^oiijj;* t!ie lienor of buTtair Or^t guycs^twl the Idea of ftnfl 
n feaij-tblo iilmi for mwUaalcnlly roprodnpln^ ainr^ll oow altcfiHl 

The reasons which led Berliner to adopt a different ^stem of re¬ 
cording and reproducing sound from that employed by Edi^son and 
the Volta As5?ociation arc clearly out in the intrcMlnction to bis 
first patent specjficiaiLion. No. 15^23*2^ of 1887, where be 

Tly tlio onlltiary niuthod of recording spokiiro worclj or otfer aoiiialip for rt> 
lirodnctloTi. It Ih to cftttw? a Mylna attocn^ to a vlbnitory aiaptiragia 
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lo lttEl<"nl a tnEv^IJnK &Up*'1 of tinfoil^ or ciUier liko j^nbEELancT^p to r\ depth Tarylnj? 
\n anx>rdHii€« w ith Htv jimplltuiles of iho @oimd wavwi to lio mordcd. Tlitu ^l- 
teiispr IH nonsffltrfl^ icon? or Jees lueitectlvep for Ueo that ih^ fortM* of 

a dlAplira^ vltinitlae inidor tho !fji|siict of Bound w^tc^ ts ?ery u'eak* Atul that 
Jn tbo AOL i^f oTeneoniliiK dio mftBUini!o erf tlic tinfoil, or otlitr imiterlii]. tlio 
vlbttLtlu4si!i of the diaplimirm fire iiot m\y w^sthoewd, but ufo atpit> niodlBtd. 
Tliufl, wUHo iho record eootnlfis ns luoiij^ UEidolntlono ns tbt nuniiit whleli pn> 
ducetl It. 4 iT>d io tlio ftiixic order of Bueccfe^cin* the clmmi-tor of tbe roeorcItKl iiti- 
ctiiblfoTifi In irtoro ot" k‘«8 dlfTereuf friim thono of thi;! ftoondo uttered flgutii^T 
clliiphrflpni There K then, Ji true rwjrd of the pttolx tint n dlBlorted recE^rd 
of the fiuulltjp of the Roiimfs ehtnlnint 

With a vhtw of overeoniln^ llil« di-fect. It Ims Own ntteniptuil to eo^vu* In- 
ideoLl of ttiElexit, n twird of Uie TilirntKonJi of Ibi- dinplirntmip hy employing a 
myETTR, nni1 o|fet.mltd like n ehloet, o[WEa ^ suitably |trejwircil pnrfneL^: 

hntt eTwi In ihiM ense, Itte dleturblog enbjses above reform! to an> ntlll jireKiih 
In flddltloi] to tlilfl, If In the apjfjnmtn^ of the ikiionugruph or grnphepbouo ty|ie, 
it Is uttenipk^l to avoid the diiHnrhing iTrOncmeo of the Inerenito of ix^Lstaneo of 
the rtwrd snrface, with the depth nf the Indenlallon or cut no tnuch as ^>ufcistb|i% 
hy prlumrllj udjii^ln^ the atyJnn so *» lo touch the riM^onl Kiirfnei^ only lightly, 
ihm aurEittfCT dJT^lnrblng iiill nonce Ip brought into ejrlwlcLieo by the fhet thni wUh 
nueh niUhntnieiit, when the dl-nphrupni moves onlwardJy* the Slylna ivill leave 
the rpconl frarfRcc liutirtdy, no that Twrt uf ench rlbnitEDn will not be reetirded 
111 Itih Thifl l9 more iHirtlenlijrJy the l-ubo when loud uottudp are rt'uordtil. siul 
it uiuiilfe^p Itself hi ihe renrodactlcin, which tlK-fi ylekljs guile unlntelllgthlu 
iwniTKlit 

II is The ohjeet of Uiy JD^enllon tu overcome tJiepe and oiIht difneiihlc# hy 
mtiTxllcig Eii^ihim words or other aonnds wllhont |ieicu|rtlbls frlclina between 
tlae recording mirfnee nnd the recording utyIusp itnd by nmlnrnluliig tlio hnovold- 
ftble frEctlon uni form for all TlhmtlnnB of tho aiapUragm, TJie rewrd thus *b- 
lalncd, Rlmmt fricticinTess, 1 copy Jn a solid rcfllaUnii inatertul, by any of the 
uieiliHla hereluafttir described: aud I fmiploy mich copy of the original record 
for tho reproduetldh of the reconhd ^ouEids. 

Instead of moving tho recording KrtyluR nt right aogtei to. and a pi lust the 
ruronl Korfnee, I cauffo the ftnnio to move under the Induence of souml waves 
juimdcl wllh and barely In contact with snch inirfacc, which latter Is coveml 
with II Ifiyer of any material that offers a minimum resistance fu the aetlou of 
the Klyhts o|ifTat1ng to dtH{dnee the Banu?, 

Ho ihen procwHls to a tleiuiled ileseriptioii nf hh ihiitniment, whicli 
Lo tertim a gmniophone:."" 

Xnwftikys tlici tcirm fjhonn|rraph ” is popularly npplic<l to a 
Hjund-repiwludng madjiiie which plays a cylinder rctorJ, while 
“ gramophone ” k often incorrcclly u&od for nny dkk machined This 
dktinciinb is not, howerer, correct, Tt Is a fact worth noting that 
ibe ftmt figure nf the drawings in Berliticr^s original jiiUrnt shows a 
record wound on a cylindrical sujiporl, wherein^ the ilr^i figure in 
Edison’s imlent j-tiows a dhk record, lhu.s directly contra died tig the 
popular distinction jiist referred to, 

Aw^rtliii" lo tlio specificntkiii of his first pntciit. Ur. Berliner morlc 
his sound rwrd as follot™: He took u strip of pa|*r^ pnrehraent, or 
nirluL A (lig. 3)i slrotrlicd it Found u druFn, B, aad uoatiKl it with 
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n of lampbliicbT other ^hich could In* ^mAly re¬ 

moved bj the point of tlie stylus, IIo proviilwl ti dinphragrii^ C. 
which y?i\s held by its edgen jo u mp-ittg, D, and to the center of this 
<1iophragni he uttached om end of ilie recording sty Iuje;, Ep Thin htybis 
or bar was fnlcruinetl halfway down (o Oie aido of the diaphragm 
ciisingj aojd the other end was 
left free to move in accordance 
wilh the \dbrntioiis of the dia¬ 
phragm under the impact of 
tlic sound waves. The point 
of the stylus lightly touched 
the strip on which the record 
waii to traced, and as the 
diaphragm was spoken against^ 
jiiid the drum rotated, the 
stylus removed the lampblack 
from the mrord in a sinuous 
undulating line. The record 
thus obtained he proposed to 
preserve by couting it with vamisii or tiie like. For the purpose of 
reproduction ho copied the record in a resisting materiiil, either 
]ueduinicEil1y> by engraving, or by etching, or photo-engravingi and 
this gave him a permanent recordj exjnsisting of u wavy grooved line 
in tt strip of copper^ nickel, or other riifttoriol To reproduce the 

sounds i-ecorded, this strip was in 
turn stretched round a drtiiu, the 
point of the stylus placed in the 
groove, and the drum rotated. This 
caused the diaphragm to which the 
other end of the stylus was attached 
to vibrate and reproduce the recorded 
sounds. The speciheation contitmeB: 

tn the ehaaoempti nnU gmuhojihQne Lhc 
vtiU of the repToduclELg Rtjios which hmra 
uji™ the Indeated or eni?mv€?<l rveont, hii]i a 
vertical upwanl and dowuwatil movement; 
ft 3s forced uiiwarcllr In a iKwItIve mnnaer 
by rklliiN; owr the efevated iM>rtIon of the 
reeotd, but Iti Oowun^nl movemeiit b* of- 
f«?tefl hy the f^lnstlc forte of tho dla- 
nhrninib which latter Ih almiyK uoUer ten- 
sloiL En tny Stn^rovod apparfitoj the stylus travotfl Sn a atoavo of even deiitli and 
|H moved fionltli'VJy In ImLli dlrectlDns: It doe® not depend upon the elasticity of 
the dlaphniiuu for Its movinient la oim direct Ion. This I consldt=^r to be an oil- 
vonfQge, since hy Uiti metlicHl the whole movemeiit of tho illsphmpn Is popl^ 
Lively eohtrelloa hy the recorOi aad is not nffeetea or moOlfiod hy the physical 
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rcFtidHioiiK at tlic diiii^lirniniit wlitcli i?t^U4llrtosirt Df^ir^'ssjirny viivy fmm tLidio to 
tiiuCt liticl i^uiiJitltnto iwu^o vf. llio caoB^ i^f tm|)^r/oct rcprodueLlou of n^eon^ 
BOU tills. 

It is this featun*^ of tiio pcssitivo control of the fliaplirn^^ coupletl 
^'ith the imifomi friction aiul resistance in the cutting operation, and 
the GonscqTient iicciirute tracing of the curve of the sound that 

has hrouglit the Berliner typo of machine to the forefront a^ a musical 

instrument. ^^liiJe the cylinder 
machine with the up and down 
cut offers advantages for niakhig 
records at homo oiid for ofilco 
work* b^inghiuidier, for instance, 
than tJje di^ reconling inudiiiiCj 
it has not lieeii found [lossible to 
obUUi tile same truth of repro¬ 
duction of uiusicid sounds that 
can Imj obtained with the gnmio- 
phone. Xn examination of the 
microscopic undulations in the 
sound wuve^ which determine 
its pitch, loudiK?^ and quality of timbre (some examples of which 
I i^haill show you pns^cjnily)^ will make this ea,^j to iindersland. 

In the second s>r improved form of gi-amophone deif<!rilHsl in Ber- 
]iiier"i4 patent a flat <lisk record h nsed^ which^ he offen? advan¬ 
tages for enpying purposes. Here a dii^lc of gliLsH b cuipioyedH, and 
this is covered preferably with a seinilluid roating of ink or paint, in 
which the stylus traces or cuts an undnbting line as l>efiirsu This 
routing he prefers^ because it does not flake and leave a FougIt-cdgKl 
liiu^ like the lamphlack records A turntahlo loatries 
the record disk;, and is rotated by any suitobk means. 

As it revolvosi it is caused to travel slowly ddewny^ 
past the recording faiint^ so that the sound lino tak^ 
the form of a sinuous spiral rorming from the outer 
edgi' of the recortl tow aril the center, or vice versa. 

A permanent record in metal iu obtained by photi>- 
engraving. 

Mr* Berliners ne.vt step was to make a disk reconl 
in solid material by direct etching. (United States patent 38371)0*) 
To thk end hq coated a disk or cylinder of seine or glass w ith a layer 
of some substance which, while olfpring ni> perceptible mechanical re¬ 
sistance to the movements of the recording stylus, resisted the dieuiical 
action of acids. The coating he proforrikl consisted of beeswax dis* 
solvctl in benzine. When the recording stylus had traced out its line 
on llie recordj and exposed the solid disk hdow, tlie latter was etched, 
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and a perniaiient recoFii produced. Copies could bo obLaiued by ilio 
galvano-plastic proct^ by making a matriX| and impressing dtsk^ 
of Iiar(l rubber or the liki?, Althongli this ^^stpin of rtebing vrm 
conHidered at the fiuus a great advance in sound roconiing^ it never 
gave very satijifactory rwults. Owing to the rtrlion of the acid,» 
wliieh, besides biting down into the metal, also nnderent the pro- 
tei-tive eoatingi. tlie sxitind line was alvrwys left with rough sides, and 
this roughness was trtinsniitted to Uio ^ that the reprtxluetioji 

was fteeojnpnntetl by a very markcxi Eitnl disogrtH^able scratching 
soimcL 

In 1800 the inventor of ilie gramoplionc took out patents for fiir- 
tlier iniprnvemt^it^^j and in particular for now fnrms of diaptiragm 
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holder, or sound hox^ as it is called^ one for rewrtJing pm’'i>oses and 
the other for reproducing (lig, &)^ 

Altlioiigli at this dale Jfr, Berliner luniHoif had spent much time 
on improving his invent ion ^ the grumophone linil not yet become a 
commercial article. It had not even reached the sta^ of the smali 
machine yon see herg^ It was looketl upon as a scientific curiosity^ 
or fit best a toy, but not m a machiuo which could ever be cxpi'^ctcd to 
become an instrument of entertainment, and no one^ except, pi^rhaps, 
the inventor, ever imngiTied it would attain its present |)er feet ton or 
enjoy its present popularity^ Tlie phonograph and graphophoivc had 
obtained a firm foiUing^ and for eommerria! pnrpoc^s, at any rate^ 
serving, for instance, as autumntic stenogt'ttphers, mid in a lesser 
degree as iniftniment^ of entertainment, had attained success* 
68202 — 8 X 1 lOOa^^- 
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Till' fMiopli" hull pnttiitod biotidly tliK !>y<it 4 !ni of eulttn" or 

tniriiijit a sound lina in u lailid body, so that rvrn IlerlinOT*s otvri 
riirlboil was williiii tin* scope of their pntont, ujid from the point of 
view of patent ri|Hits, Mr. ilerIJner was at n ilmijvAii(H^e« MorC' 
i>vcr, the n»prfKhiotioii he obtaineil was far belli ml that ptven by the 
phtJoograpU tiiiJ gi'upboptioiie, for t bough in the lutter instriiiueiits 
the sound wnvefi were dislortedt there wua a rompamtive rtbsein.'i» of 
scrrjitetu Very diffciieiji is the p<wilion to-duy when in the United 
tslutes at liny rule pruetiimlly tlie ivhulc of ihe enonnuiis tmdc in 
diiik iTiaehin'es is stihjeel to a Berliner puteiU X«, rp34o4:). wbirb rovers 
the list* Ilf El freely tiwingitig ffound arm or born, niirying the sound 
lh»x ELitd giiidvcl Ihimighout tlie ploying of tbc ret'ord entirely by the 
Kouiul ])ne& 

It wEiA not until tlie end of ISfi'-l tliat tbe iiiiinnfacture rotninonml 
in the riilteil Stales of n disk remrd wliicih iiiiiekly made tbe grunio* 


plione |K>puIiir, and may Ik* re* 
giirjled as tbe starting point of 
ll 10 1 nduatry o f to-day. IilhI end 
of II rGooril innde from an 
eld led iLiotiil original, a disk 
record ctuild now be ofTerod to 
the public made by a new' pro¬ 
cess whidi allowed many hnn- 
clreds of gcKMl fiicsimile eoptes 
to Ik made from one uiasler 
fBfOrd. Ill is procei« eonitisted 
ill cutting till' first record in a 
disk-sbajx'd blank of waNdiko 
uiutei-ial, obtahiiiig a iKilid 
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metal negulivc thereof by electro-ileposition, and pressing copies of 
the orlgitiEil from ibis negative or matrix in a inateriiil wliich was 
bard at noniial tempci'ntures, \ml liccaiiit* ]jlaid.ic under Ut*at. 

AWil this time a number of inventotn Iiepaii to turn tliejr attention 
to tin* iinproveinent of tbe madiine. to keep pace with the vast 
improvrniPiits whidi wert* being tiiudo Tn the records. The machine 
was provided witJi an (iEicient gowmor or siK-ed ix*giilator to ii^ure 
a imifcirra speed of rotation of the tiimtable. Nest the hand-Oriveii 
mtidiiite was iiboUshed iillogeUier, und a machine substituted which 
was driven by a spring motor. To-day the better-class niachims are 
ftimishwl with a motor which w ill run fifteen minutwi or mott* for one 
Hiniliug of the molor, The speeil regulator wns furnislied with an 
iiidiciitor to show at what speed the luai-liitie was running. It will 
easily U* utulersliKKl how essontiat it b that the record on TOprodipe- 
tion shottld lie reviiheil at exactly the same puce ilh the blunk on 
wbidi the orignial record was cut, if the production is rvully to be a 
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fnie rc]! rod net inn of tlie oripniil sclwtion; if, for inMnneo, the record 
is rotated fiistcr, the sound vraves set up by the roprodueing dia- 
plinigni will Iw produced at a higher speed than tliat at whicli 
the corresponding sound waves fell upon the recording diaphragm. 
The gn^iiter tho fraiueney of the sound waves the higher the note, so 
thai a record, if pliiycJ too fast, isphche<1 in a higlier key, and a bass 
solo can be reprcKliired in a shrieking snprpnck 

'I’lie sound box went through a series of iinprorementa, the object 
of the inventors l)eing to render the dinphragtn as sensitive as pos¬ 
sible either to the soiinij waves of the selection being recorded or to 
the iidbrations transmitted to it from the record disk, as the cose 
might he. The dinphregrjj is now lightly held at its edges by hollow 
rubber gaskets, ibe fiikTuin of the needle cormectjrig the lUaphnigni 
to the needle point is formed by knife edges, and its luovements arc 
controlled by delicate springs. The staiidartl sound Jtox of to-day is 
u very ditTerent thing from tlio early pattema shewn in Hgurus 1 
and & 

Itnprovcments were further made in the means of conveying the 
sounds recreated in the sound Ihtx to the ear of the auditor. The old 
ear tiiU's had ilj.sitpjtenrtul to give pln(!e to n small horn, to the narrow 
end of a'hk'h the sound Imx was attached. As the ])opiitarjty of the 
gnntuiphune grew, the piihlir wanted more sound for its money, and 
aceordingly the sij!c of the aiiiplifylng horn was increaseiL The 
increased weight of tlie horn necessitated that a special bracket should 
Iw prttvidwl to curry It, luid the horn was aceordingly bnlanced with 
just suflieient weight on tlie sound box end to keep the needk* well in 
coniaet with the record. Thus the maehine remained for a time, but 
ill this form it did not satisfy its patn>h.s, for it did not do all that 
thev llionght might Ik* exticclwl of it. It was found in practice that 
the turntable often did not revolve absolutely horixontally, that the 
record disks were siif net inns not absolutely flat, and that the central 
hole was in reality but seldom accurately in tbe center of the disk. 
Owing to the rise and fall of the record us U rotute^l. the eml nf iho 
nniplifying honi also lind to rise and fall, and owing to the W^n- 
[rlcity of the liolo In the middle, the sound-tiox etid of the horn was 
continually approaching and receding from the center of the r«-ord, 
as it followed the sound line. In other words, the needle as it fol¬ 
lowed its path along the sound groove, in addition to transmitting 
the proper vibrations to the diaphragm, had also to move the whole 
mass of the amplifying hom. This had two injurious elTecls: it 
imjiaired the repifxlnotion, and it wore out the rwmrd. 

Iho next step was to remove the amplifying horn to h short dis¬ 
tant from the exiutiiI box and to carry it iijjou a rigid bracket on the 
cabinet of the iustrument, the sound Iwx Ijeiiig connected to the small 
end of the hqru by a pit'co of tubing, which allowed the sound box to 
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mov^ acrcjss tb^ turntable fin^l n\m tn ho raised or lowered abm-'a the 
recoriL Tins nrrangement ofFered the advantage that the weight of 

the horn w-qy carried by the 
cabinet, nnd the record had not 
to overoonie the inertia of the 
whole horn ttii beforCt but only 
had to more the ^ound box 
nnd its connecting tiibing (or 
sound arm m It is called) when 
tlio turntable was iLOt liorl- 
zontal or the hole in the record 
not central* But thougli this 
nmingcment offered advan¬ 
tages in one direction, it ism 
found to Ihj accompanied by imperfeetjon in another. Hie piece of 
straight tubing conm-cting the sound box and the horn had a dis¬ 
torting effect upon the 
aound waves* Instead 
of these ivaves being 
able to expand uni¬ 
formly as they ad- 
vanecti, as bad Ijcen the 
<sise in the old arrange¬ 
ment when they jiiassed 
straight into the honi* 
they were forced to 
pass first of all through 
this straight pipe where 
the Wttv^ becaioe dls^ 
tnrteil and acoustic in¬ 
terference was created. 

It was nnt until 1D03 
that patents were taken 
out on an invenLioa 
which overcame this 
difficiiltT (fig. fl), the 
invention now known 
m the taper arnij the 
patent on which in this^ 
eountrj' was recently 
upheld in the court of 
appeal. The inventor 
had hit u|mii the Idea 
of jointing the amplify¬ 
ing horn itselft bo that while the horn could start immediately next 
the sound box the latter could be moved with freedom without mov- 
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ing th^ h<mvy bell portion of the supplifying horti. The of 

this invention was immediate and prunoiiiicedf and a tapering sound 
finin b now atniijst a sine qua non. 

It wrts only to be espoetet! lliat as the reprodnetioii of the machine 
improved the form in which it wa.s presented to the public would 


be mote and more attract¬ 
ive^ and henct^ the liutid- 
soioe crabineL^ luid 
tala with which the 
gramophone is furnished 
to-<lay. 

Figure 1€ shows some 
of the various stages 
through which the ma¬ 
chine passetL Tlic in- 
strumtnt IQc will be rec¬ 
ognized as Uifl one beftnie 
which the dog and 
listened to “ fais master's 
voice.*’ 

An important item in 
the reproducing appa¬ 
ratus is tlie needle. In¬ 
stead of Uie same blunt 
point being usetl over 
and over again a^ form- 
crlvj a new needle is now 
recommended for each 
plnyitig of a record. The 
reasem that the oijcra- 
tioii of playing a record 
w^ears down the fine |Kiini 
of a needle, so tlmt by llie 
time a n?eDrd has Ix'cn 
played through, the 
needle i>oint has shoul¬ 
ders worn on it (fig. 11) 
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W'ith only n centra] projection left to engage hi tho E^wund groove; 
a point of this shape when much worn can not give a good reproduc- 
tioru The tnanufacture of gramophone nc^AlIes comititutes a snuill 
industiy^ in and the number of proces&ei llirough which the 

needles go before they nre ready for use is surprising. Lengtbs are 
cut from the I^t steel wire, anrl are pointed by emeiy wheels, rotating 
about 1,200 limes a minute. The needles are cut oflf, and again the 
blunt VI Kb are iioiiited, Somv of the laachiues in use cut off os many 
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as 200j000 ne^^dlcs daily. The DeedJes are now hardened by tomper- 
iug^ being bmted In open pariSt almost to white heat, and then sud¬ 
denly cooled; tliis is o most imimrlant process. They Ihen have to 
be polished. This is done by packing the needles into bugs or saek^ 
and rolling tliem to and fro for days on a reciprocatliig table: the 

constant friction of the 
need leg against one another 
polishes them bright and 
sn^toollL 

I will now deal wUh the 
series of operations which go 
Uy make a finished disk rec¬ 
ord of the Berliner or gram¬ 
ophone type. The person 
who is in^iJig the record 
sings or plays Immediately 
before the mouth of a horn 
or funiieb the object of llie 
horn being to concent rate the 
ener^^ of the sound waves 
upon the recording diaphragnu At the narrow end of the horn is the 
iTKonling sound box and machine and its attendant export. The 
artist is on one jdde of a screen and the nmehiue uti the other, for in 
all the recording luborutories of talking-machine muntifactiirers the 
soerctf^ of the ojM5ration of n?conling arc niofit carefully guarded, 1 
liflTO here u sketch (fig. 12) drawn by a fanioii.^ ringer of himself 
making a record. The 
making of a good rec- 
{>rd is not so simple 
a in a tier for the artLst 
as might appear; he 
often liiis to make sev- 
erul Iriak k'fore he 
learns ]iisl how to sing 
into the trumpet, how 
near to stands etc. 

When singing loud, 
high notes lie must not 
ijoine too near the 
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moutL of UiG funnel, as ot]iervrisi< tLe vibrations will be too ]iowerfiil 
nntl tlie result will 1>e what is Ittrlinitslly kninvn as “ shattering.” 
When the artist is singing or playing to an awompaoiment another 
horti eonhcctecl with the ainic sound bos ia often provided so that ibu 
person of the artist may not obstruct the sooud waves of the orchestra 
or other accompauimeDt. 
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Tlic! dispoKitiOn^ too^ of tha TiirioiL>; InsLrtimeriti^ of mj ordie^lrti in 
iiio iwcarcliiig rmm is of the very higluhit Lm]>urt 4 uco if flie best re- 
suits urfe to be ubtnined. The TvoodfUi instrumeiits are amijigcil about 
*1 feet from (Jie mouth of llie trumpet; 1>ehind them iiro the brass 
iiistrumciitSj and at the luick the bas^ hddles and drums- 
On the other side of the screen o horkontul tables carr 3 diig a wax 
(ubiety is rotnted Iieiieath the rtKiording jioimd Ikjx at a fixed lUid uni¬ 
form speech geiicndly ubout 7ti revolutit^m per minute. Ah the table 
rotates it aho tnivvLi latenilly at a fixed and urn form sjiwh being 
t?nrricd on a revoKing threaded spindle, and the wax tablet or blank 
i< tUit^ cautfCfl to travel slowly under the stationary recording box. 
sappJure eiilttrig [>oint of the sound Imjx b lowered so as to enter 
uce of the blank to the depth of about OJQOM to Q.004 of an 
inch, and aa the nia- 
ebine ruiis it cuts n ' ^ 

fine spij-al grocH^e of 
uni form deptli, run¬ 
ning from the cir- 
eitinfereijce of the 
blank to within 2 or 
Judies of theciUiteT, 
accordJiig to the 
length of the selec¬ 
tion rwonhHL 
The exact const me- 
Hciiind Ihlix 
ijHcu lor recording is 
not disclose^J by the 
experts, but we may 
take as illustrative 
two forms whirh nro covi-ml Uy liritisli piileDls, Nos. G5iM>l and 
l!i7-0l (fifis. 13 anJ i n. 


Fif], 'B^rdln^ aqiiimI hox. A, nfrUlii tvsr- 

HijEiPS », C, dUf^hrflijrn Lolct^r; p, anbKD of 

BoiiiHj tqlJO?; E, coimEorw^^EhU 


Till' turn tablo tm vcls, us a rule, ubmit 0.01 of iiii indi latornlly for 
every revpliitioi), so tlint tlio spiral cut coniisi roimd about IfJtJ timea 
111 tiio wiiUh of 1 inch. li will thus be evident that the Interul nndii- 
Intiojw of tho sound line must tw niinulo In the cstreine ita othenn isa 
tin* liiiiiH wmild lit ])oirita break into one mioLhcr. 

Thv recuntiitjr blnnk is niudo of ii soupy wax. Eudi Inbomfory iias 
Its own re^ceipt for llio composition of liio blank, but ireneniUy sjwiik^ 
ing the conipoiiiid is inaik' up of sic.ariii and piimffin. ilnny other 
hiivc Ijccii among wbirb mav iiie'iitiutittl 

Itariimi sulphate, ainc wliita ntul stearin. OKukcrit imd pimilTun 
The eiiiiHisteiicy of the bhiok muterin] must, lie stjdi thnt it is stilT 
enotigh (o retain its shapt' when the sDitnd gi'oove is cut in it, and at 
the suiue time it mtist not be so -stiff ns to offer any great rcsistuiico 
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to th& €iiliiii^ point. It must not cbip nor Qake^ os otlierwi}^ the 
reconliiig point will mt a groove with rraggod sides, and this ViU 
increase the snitching E^und made by the needle on subsequently 
rcprcxhicing* Tlie best results are obtained by a tablet of sueh con¬ 
sistency that the cutting point detacht^ an unbroken tliread or shav* 
ing of wax. 

The diameter of the recording blank varies^ but the maximmn 
dtanicder employed is alxjiit iSi inche.^. It will be tdenr that ttie size 
of the rtKx>rd can not \m increased lieyoncj certain limits, when it is 
remembered that the blank it? n*volvid at a uniform speed, iind that 
consequently the outer portion of the blank is running past the 
recording point at u nuich liigiicr ^ipcwl than tho inner portion^ wlieo 
tills is brought under the recoiding ^m\d box. Thus, with a 13-inch 

disk, when the cut¬ 
ler m one-half inch 
from the edge, it 
will ill 1 revolntion 
dcscril>e a line on 
the record of a 
length approxi¬ 
mately equal to the 
cireiimfereiiee of a 
circle of 11 inches 
diameter—that is to 
say, IU.r> inches. By 
(be time the K^cord- 
lug point lias 
ivorhwl in another 
Fiti. H.—itwanUrc wnih] h£iT_ A, n, itriui inclics toward Ibc 

liajan a, dlapliniifja: (!, lioldtif; O, IritHk^n . , ,, , ^ 

ceiilcr of the tablet 
the length of its 

patli over the wax w ill approxiinaldy equal the circiiiufercucc of a cir¬ 
cle of 5 indies diameter* or 15.7 inches. The jiite of revolmion of the 
IftbleL being unifurni, the wound line at the edge of the tablel k accord¬ 
ingly being cut at more than Iwicc^ the speed that it b cut at nearer the 
cantcTj ami the speeil at wdjich tlie recfirding point can be made to cut 
the sound groove satisfactorily can only Iw raried within certain 
limik* If the diameter of the taldct k increascil the outside 
will Iw too great for projx^r recording, and if the spetnl of the turn¬ 
table h corm-pondingly decreaseii tike ripples in the wound line near 
the center will lie too dose togetticr and cramped. There will tjc too 
many vihratiorc? ptT inch of sound line to allow of proper recording 
and reproJui tion* The obvious solid ion would l>e, of (xujrse, gradu¬ 
ally to increase die sliced of the turntable as the rtcoixling point 
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iioars the ceiiier of the bliiiik, but Uicre then isrises the ntjceasity of 
tisidg mtidmiiisini for Heciftitig *i corresjwndijig gmcliijil iuhnnge of 
oji the reprcHlucing niacbifie in order to keep tho sielection in the 
prt*j>er key. IDericess for securing an increasing speed bave been 
invented^ but they arc not free from objections and have never come 
into gcneml nse, 

1 he record in wjiv having tnadCs the nest step is to produce a 
negative in <!npjM.'n The was tablet is dusted wilh prapbiti*, which 
iH worked into tiie grtaives witji n liiiilger-hair brusiu to make it clec- 
tro-coiidnciive, and is luwered into the electrolytic Imili of cfjpper salt 
sfihiLiun, III order t hat ihk negati ve may be able to resist the preisauro 
to wliith it is stilijecled in pressing record^?, it oeee4iSa.ry tliat the 
deposit ion of the co|iiier sbonid l>e thoron^l j homogeneous. To this 
end, and alfio in order to hasten the process so tliat tlie lilimk niay not 
be attacked by the solution^ the blank is kept continiiouifily in motion 
in the electrolytic bath. The process is contintied until the copper 
shell is nearly 0.9 of a millimeter in tliickueas. The negative thus 
formed nui}" he termed tin* master negatives and from Lliis master a 
few’ commercial samples of the record can lie preas^id by means of 
which the quality the record can be tested. It m not, however^ 
usual to pret^i. in ore than two or three records fmm tliis negative. 
Seeing that Bometimes as many as sis tliniiBsnd or more copies are sold 
of a swingle record,, it is natural lliat tho maim fact urers should toko 
-stej>s to enalde them lo mtiltiply ci^pies without injuring their master 
negative or lifiving it worn out, for it is not usual at this stage to 
obtain further negatives from the original wax record. They accord¬ 
ingly make duplicates of their master negative/by taking diil>s or 
impresses of the master in a wax cotu[xisition, from whic^ in turn 
working matrices are made. Copjjer siielb are uhtaiiied fmm these 
dubs in the f^me way as from the original wnx tablet, hut the metal 
is only depfjsitetl to the lliickiieiw of about iialf u iiiillimeter. The 
sliclb arc made absolutely true and tliii at tlm back, so thiit any irregu¬ 
larities caused in the olectro-deposition may not be transferred in 
pressing to the front or face of the shell. They are then backed up 
or stiffened by a brns? plate nlioiit one-tenth of an inch in thickne^ 
The attachment of llic hacking plate and matrix is effected by 
ing or smoldering thein together under pressure. The baeiking plate 
is supported on a heated table, a thin layer of solder b run over it, 
tlie shell is laid upon it and prefixed firmly down, wilJi an eta:^ic j^ro- 
tective enshion of asbestos, for example, ]>laced over t!io fac?e or re¬ 
corded surface of the slidl to prevent the sound ridges hi St fiN^m 
being injured. ITio matrix thus obtained is now" nickel phitcfl on 
the recorded side so to pre^nt n Iselter wearing surface, and ufler 
poUslhng is ready tor u:^ in tho pressing machine 
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Attempts hii\'e Ix^n made to use a recording blank of conductive 
materini;, or contaiuing sufiiclcTit cfonductivc matcdul to allow of 
omitting the ^mlisi'qucnt grapliitiiig or tuctallkiag of the blank; the 
objection to this procedure has iilwajs been that such substsnees 
offered too much rctostanee to the recording point. 

The commercial record is pressed in a substance tbe essential quali¬ 
ties of which arc that it should be hard at normal tcmpenitim^ but 
capable of being softened and made plastic by heat. It mlist l>e tough 
and elastic enough not to l>e easily broken when premised into disks of 
about 24 mm. in thickne^; it uiiist [jq thoroughly homogeneous; and 
it must not lie gritty in com|>Oiiition, us otlienvisc it will augment the 
scnitcb of tbe needle, and wear off tbe point. Finally^ (lie record 
must be so hanl, when cold, that il will retain (lie contour of the 
sotmd groove, even after it has l«cn played a large number of times. 
Various sut»^tanees and comijoiinds have been used or suggc?;teci for 
making records; cclhdoid^ papier-macb^, imlcanized rubber, 

caseinf and didkc with an udmi.'^ture of crocus i>t>wtier. In nearly 
all tho coTupounds actually used diellac is the principal iugrcdicut. 

Tlie conip<uiiu] usually employed lo-day is made up of sbrlhic, wcKud 
cliarcoal, hmvy spar (barium sulphate),, and earthy coloring matter. 
Various animal and vegetable fibrous materials, such, for instance., as 
cotton flock, are added to give the record the required tougliness. The 
Severn 1 ingredients are first finely ground and then carefully meas- 
iirci] and mixet] aocnnling to formula. The mixture is put into n 
revolving dnim, and the flock iiddeiL Afi^r Ix^ing passed through a 
luugiietic separator to remove any tiielnllic particles, it is next mixcil 
by heated rollers until a iliorougbly homogcneotis plaslic ina^^f is ob¬ 
tained. The moss is now passed through calendar machines which 
roll it. out into thin sheets., and as it passes frotii the cahlcndar it k 
divided into sections, each section being oliont the requisite quantity 
for one record p 

'J'he rtK-orils arc presscfl iii liydraulic pre»^ Tlic mutrix is heated 
aud placed face upward in a mold on tlie lower half of tho press, 
bt'ing «^nfered by a pin prissiiig lUrougli the middle of it; the labial 
for desigmiting the selection is placed face downward in the tuatrix^ 
and on this is pkcnl, in a warm, pksLic state, the quantity of rnuteriul 
n’qiiired for one record. The pres® is operateil, and the tnai^ k irnme' 
diately distributed all over the mohL Both halves of the press are 
fiimilled witli cooling ;dates, t!irough which a stream of w’ater can 
lie jiasscd so that the pressing surfaces can lie immediately cooled^ 
and the record mass consequenlly hardens quickly and retains the 
iiupTOSBions of the matrix, Tlie record is removed^ and its edges are 
trimmetl up with emery wheels; for the record luaterial bs too bard 
to allow of any ctitting instrument used. The record is thea 

ready for sale. 
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It will Ijc seen that the pn>cossA of [>rtHlucing n commercml record 
is II long ami intricate one. It k, further, n pme^ or series of 
processes which have retiuited a very high degrt-e of scientific skill 
iLtiil untiring experimental work to faring tlie sound record to its 
present pitch of excellence. There are fitLll objectioud to fasa over¬ 
come, jind perhaps the greatest of tticse is the hissing or semtehing 
sound priKliiced by the needle in reproduction* There is, however^ 
no rensem to doubt that eventually this will Ij© overcome, A material 
will be found for making tho records which will insure that the sides 
and bottom of the sound groove are absolutely smooth. Even this, 
however^ will not entirely eliminate the semtcli, whidi mu^ be ^^E^- 
giirdc<l to some extent as inherent in tlie sound groove* The ri-cording 
point makes a sUglit hissing noise as it cuts the waxj and that means 
that the retoirding point b vibrnting on its own aecnunt| apart from 
the vilirations which it is conveying from the diaphragm to tho wax 
Lublet; consequently w'o must expect the recording point to Ik* cedis' 
luring its own. scratch vibrations as it goes along* These serutch 
vibrations ai'o exceedingly minute and of a ver}’ high fcrtpiunt-y, and 
in thu ordinary course might not he heard were not llie diapiiragm 
abiiormnlly simsitivo to vibratjotLS of high fref|iiency; the actiuil ri'sult 
is thal the scratch waves are reprmiiiced wdth propcjrlionately more 
precision* if otiythlngj than the niiLsiuiil wmves of tlie selectiniu 

An invention has ruceritly been published w'hich, if pracLieablis 
shouki do ranch to remove the defec:t of ocratcln Aecortling to this 
invention tlie sly Ins of the recording sound lios, instead of cutting 
a givxivo in It wax blank, b made to deposit u hue strenni of material 
upon ii )a>lishGd surface* The original record, therefore* htx^s a raised 
sound line on it^ instead of a grooved one* Tlie sulistance deposited 
is one whidi quickly hardens on deposit, so that it will not spread 
on the polished surface. A negative is made fnmi this original, and 
the matrix useil for pressing is made from this negative. 

Much iiltention has Ijuen lM?stowed on the diapiiragm both of rhe 
recording and of the reproducing i^iind box. Diaphragms have been 
triet] of almost every ixjssible HulMnnce. Copper, tin, celluloid, 
nihl>e!r* leather, gold-heateris skin, animal membrane^ glass, and mica 
have all been used* and a^i many different methods of supjKutiag 
thcjii in the sound iiox have also liet'n tried. The object Eiiuied at is 
io secure a light and highly i^cnrilive diaphrugm, and to hold it in the 
sound box so that in vibrating under the impact of the sound waves 
it will buckle as little as poE^sibk, for the effect of buckling b to 
slightly distxjrt the sound waves. A glass diaphragm is usually 
employed in recording sound tM>xes, one Ijeing sdcclcd out of n score 
that may he tried. Heproclucing sound boxes are now alw^ays made 
with mica diaphragms. 
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Flfl. latsnd bos and aim Ib ap^mOod. 

the rccorda ehall iw taken out am] played onee evejy hundred years. 
The collection ia to be added to cveiy' year. 
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It is interef^tin^ to note that steps 
countries to form collections 


day being taken in many 
:^i‘cords of singers, wrlistaj and 
other fatnotts peDjotiages, and 
tliat an important part is 
played by the talking-machine 
record in science* 

In June of IDOO a number of 
matrices were dcpn^ilcd at the 
British Museum of records 
made hy well-known artists and 
otliers* Tliesc have been sealed 
up, and are not to be taken out 
for fifty years, TIuis records 
of these artists^ voicesj have 
l«mi secured for practically idl 
lime* 

f )ii die 24th of Decern Ixsr, 1007^ 
there were deposited in a vatill 
of the Paris Opera House disks 
bearing records of the voioeo of 
Tamagno, Caruso, Scotti, Plan^on, de Lucia* Pattn Iklelhu, Cah and 
other artiste The statute establishing tlib> collection providi 


Fm, 1 ^—A, mAtur; U, lijonr; C, *11 
rati^r; U, air rwrtQir; R* diiPt 
Ff ft]«trlr owllch I O, fats Iwi t lE* lura- 
tAbU paetarj \\ tmriit«yt4 
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Fiu_ IT,—Sect(omi tSto at ptvPD- 
lAuThr KEiDd Ikix. 


AuMria has Imd ii pubJics pliono|n^ni reconl cifiire since 190^* Doc¬ 
tor Vodiy who recently ret urn wl from two years wandering among 
the tribeii of South Amrriea, brought with him many records of 
religious^ cei^inoniak nnd other fiongs, 
which are of gmxt ctiiriolqgical interest. 

Ill Germanyt although no public onicc! 
has ns yet lieeti Cbitohlishedt the Gerinan 
Anthropological Society nnil Ihts Etlmo- 
liigicul iliiseiim prcIi liave their collectioiLS. 

A filiort time ago the Hungarjan Ethno- 
Ifigical Jfuseiim piirciiased a number of 
machines, and appointed a cerUiin Dr. 

Vikar Behi to travel through Hungary 
lUid to make records of the varioir? dia¬ 
lects found tiierct in order that the folk 
songs of the people might be preservutL 
Tlie records linvc lieen registcreii and are 
]»rt‘scn"ed ill the archives of the museum4i 

rrofessor Garuerj of the United States, is repf>i1c<l to have taken 
n^eurds of the soimila made by tiie West African apesj and to I>b able 
clearly Ui ilistlnguish iTertain sounds bc-tokening, for instance, fear, 
hunger, friendsitip. lie di^rilKjcl Iww he establislied liiniself in a 
cage in the fiuvid where iho apes came and visited hLtn ; he li^ld in 

fact a sort of school ivhich 
was attended by carefully 
chosen piipiK 

The story is knoivii of 
ilnnibohlt finding a parrot 
in Brazil which was able to 
ppeak on otherwise extinct 
Ind i an dklect The scientists 
of the future will, ^ y^u see, 
Imre more reliable purees of 
information in the talking- 
machine record. 

I have here ^me records 
made hy tlie Pigmies of Cen¬ 
tral Africa, who were brought 
fin a visit to this muntry by 
Colonel Harrison. If you will jiermit me 1 will give you a Pigmy 
folk song with nationai ainrompaniment. 

This paper on Mr* Berliiier’s invention, and the recording and 
rcprodnctifui of musical i4ounds, would not be complete if I omitted 
to refer in si neither iruii rumen t, that now known as the Auxeto- 
Gramophone or Auxetophone, which works on a different priuciplej 
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bat b}' rit&im of which sound records of the Bi^Tlincr tyjjhe C4in bo 
effoctively repnxluced. In ibis maebino tho i^cord d!>«;s not 
vibnito Si diuplu^iignii but it vibtates u very Jinely adjusted valvo 
wbieLi crusUitils the !low of sv coluum of air under pressure- As ilio 
siir pjiasMs Uiroiigb tho valve there nre given to it minute pulBiitious, 

whieii correspond to the 
undttiutions in the 
sound record, so Lhat 
sound waves identiritl 
with ihiy^ origifially 
recorded iirc set up in 
ihe surmiinding jiir and 
travel to tho ear of the 
hosirer. 

]&.-=^PiirK]ii’a HMjml ltn%. i it 

In tlie appumtus you 

see liero (fig. IS)* ii onO'Sixtli horsepower eleciric motor drives an air 
roiupressor. The iiirj sifler passing llirough an oil separator or tiUeFy 
enim a reservoir, which helps to inspire u regular flow of air to tho 
viilve. From die reservoir the air passea through n diis^t collector 
Ixrfore it reaches the valve, as the very fine adjutif nieiu of the hitter 
is apt to bt^ interfered with if purtioles of dust or oil get into it 
'J'ho .■^otsnd Ik>Xt as 
you will see on refer¬ 
ring to the drawing, 
crotnprLsrs a %dbniting 
conih or gi'id valve^ 
rigidly conueelGd to 
the stylus bar or nmllo 
holder, and a grid 
valve The valve 

is ou Ihq pide of Ic^st 
pi\*t^iireT and is carried 
by a spcetsick spring 
%. 18 ), Tile air 
h dpllrc:t^^d to the walk 
of the sound box hv a 

V 

t'onicul defloclor, so 
that it renctifS the 
whole of the sorfaw of of orch«t« ■ o.b 

tlio vahT* at uni forui irressnm. A resilient rubber wiusher holds the grid 
val™ normally against the valve a'at. Xa Uie needle moves, following 
the siiitiosities of the sound line, tlie valve moves with it, and thus 
fifrtiis and dose* more or less tb# slots in the valve seat through which 
Iho air h nisliing. The eUect of Ibis I will let you bear for yourselves. 
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The first pructkal ta^lking iimchJne ’working on this principle wnsi 
niiide by Mn Shorty who pntented his invention in 1898. The lion. 
C. A. Parsons then took up the in vent i on ^ nml <?c3fisitlernbly improved 
it. I have ii model hero of Uio improved Parsons sound bos (fig. 19). 
Hie unxeiophone sound box Jis to-day is on suijstantially Uie 
same lines, thmigli ita tonstruction has Iwwn simprified. 

Before closing this paper 1 should like to gi ve yon some detftUbt 
concerning the sound lino in a gruniophone recordj and sbo’W you 
some magnified trac¬ 
ings of ftoiind waves. 

The a p p r DX ima te 
length of ihe spiral 
line in a fully recorded 
12-itidi mvord, carry¬ 
ing the sound line to 
’within 2i inches of its 
eonter, is s- times 
the mean diameter 
nmltipliofl by the num¬ 
ber of turns—that isj 
a- X 8 X ^150 inches = 244 yartls 1 foot. But ihit^ is the length of the 
line without the ripples. These at least donble its lengthy if the pitch 
of the m'ord is high and the j^oiinds recorded rich in harmonics^ 
tiuit we have a sound line over 480 yards long. It is no wonder that 
the neeille point must be finely tempered, and that U ^hows signs of 
wear after playing ii record. Its averuge speed over the record is 
Sl*8 inches per second. For a fundamental note on middle this 

giv<^ ns about 
B vibrations 
inch* 

The tracings 
wliich I luve here 
are made by 
Profc.^r Scrip¬ 
ture of Wflsliing- 
ton, and are reproduced in his interesting work, Kcseai'ches in Experi¬ 
mental Phoneticstp They are traced by a specially constructed instru¬ 
ment from actual gramophone records^ and they sho’w the sound lino 
on a very much magnified scale* 

Tlio “ time equation ^ of the tracings shown by Professor Scripture 
is 1 niilUmder = 0.9W4 second—that is to say, 1 millimeter length of 
the tracings sshows the sound waves produced in fi.0004 of a second, or 
8*2 feet per second. The reproductions shown in the figures are about 
half full size^ so that 4*1 feet equals the length of tracing for 1 second* 
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Figure 20 tiiows the waves of a note of an 
orcheKtra, produced in joat under 0*5 of a second; 
a dbmtion with a wove lengtli of about 3 niilli- 
Meters b noticed occurring agiiin and again. 
Tliese are seen to be grouped in titreos, indicating 
a tone with a period of 2 millimeters. The pres¬ 
ence of loud ba-'H not<^ is indicated bv tlie greater 
amplitude of certain waves. There is one which 
reinforces every sixth vibration; a very compli¬ 
cated curve is the result* Tt in manTlous that 
the ear cart sift, these vibrations so as to dis¬ 
tinguish tlie notes of the various msirunients 
from one another. 

Figure SI shows the vibnitions of a gong. The 
gong is struck, but the special vibrations do not 
commence immediately. Tlie curve of the low 
ftmdoMcntal has other high vibrations trac^l in 
it. l\licn the chief tones of the gong tnterfera 
they produce beats, as shown in the weak 
portions. 

Figure 22 shows the curve of u whlstlcci note 
Accompanied by pi^mo. The waves of the piano 
note alone can be distinguislietl from tho(«) where 
the liigh whistle vibrations are impo^* 

Figure 23 hIiows the curve of a plucked 
string. 

Fig^irc 24 idiows a small portion of a vocal 
record of an Italian'vok.^ on a Idgli iiotix The 
rise and fall of the amplitude is noticed, pro¬ 
ducing a tremolo; the pitch, however, does not 
rise and fall as it would in a proper trill^ which 
is supposcfl to Iw an alternating between iw^ 
notes. The distinctiozL, liowever, between the 
tremolo and trill could not bo distinguished by 
the ear* 

h inally, figure 25 shows port of a t racing from 
the legend of Cock robin^s death and buriah^^ It 
startH with the fly^s response, IVitli my little 
eye. 1 saw hirn die. AtteiiLion may drawn 
to the five ocKurrences of the vowel sound 
In “ my,^ « eye,^ ^ ^ The curves 

of Ihe two comtKinentsi, the ‘"ah and the “o” 
are easily ra^ignlzed each time they occur. It 
will noticed further that the co^rmnts are 
pmciJcally silent and leave nu imperceptible 
recorfl. 
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Thflt roiiclnd<’5 my pupf-vr* I have an instrument here which will 
GHAble yon to see the cnrt'e of the actual sound waves of a record 
being prtHliiced by means of a spot of light rLllect^il ffoni a snmlT 


mirror attached to a gramophone diaphragm on to n revolving mirror 
and thence on to a screen* The apparatus is one invented by Hr* G- 
Bowroik 


loos- 10 








ON THE LIGHT TI[RO\VN BY RECENT IN^T^STIOATIONS 
ON ELECTRICITY ON THE RELATION BETWEEN SLIT¬ 
TER .VND ETHER.'* 


Ity J. J. TrjflMftoar, ll. l\ IL Sl.p 
/*ro/<rMor 0 / <Ji thr Univcrtii^ of Cambridge. 


When I n?<!eiTctl the invitalion to give the Adamson memorial lec¬ 
ture 1 felt oonsidenible hesitation shout accepting iL I felt there 
was some incongruity in a lecture founded in memory of a great 
mu^fer of metaphysics being gireu by one who had no qualificstiona 
to speak on that subject. I was reassiiretlj however, when i remem¬ 
bered how wide w'ere IVofessor A^louison^s sym|jathieii with all forms 
of iiiteUectual activity and how far-reaching is the subject of meta¬ 
physics. There b indeed one part of physical $cieneo where the 
problems arc very analogous to thcHie dealt with by the metaphysician, 
for just as it is the object of the latter to find l.he fewest and slmplcbi: 
conceptions which will cover mental phenomena, so there is one 
branch of physics which ia concerned not so much with the discovery 
of new- phenomena or the commercial application of old ones, aa with 
tile di:?cussion of conceptions able to link together phenomena appar¬ 
ently as diverse as those of iigUt and electricity, sc»und, and mechanics, 
heat and chemical action. To some men this mde c^f physics ia pecu¬ 
liarly atti’active; they find in the physical universe with its myriad 
phenomena and apparent complexity a pn»blem of inexhaustible and 
irresistihlc fascination. Their minds chafe under the diversity and 
complexity they see around them, and they are driven to seek a point 
of view from which phenomena as diverse as those of lights heat, 
electricity, and dicmlcaJ action appear as different manifestations of 
a few general principle Regardmg the universe as a machine, snob 
men are interested not oo much in what it can do as in how it w'orks 
and how it is made; and when they ha\T: succeeded, to their own satis¬ 
faction at any rate, in solving even a minute portion of this problem 
they experience a delight which makes the question “ \?liat is the 

*Tho Adameon lecture delivered at Tlctoiia tTnlterfllty of MancUcfltcfp Enje- 
InaiJ^ Noveci^r 4. 1007. Mauehceter Ualvcrffitr liCctuiTs, Nou Uulteralty 
Tresa 1003. Renrlntoil hj- pormiBalua of the author aud the piibUoltiomf com- 
ndttee of the unlverultr. 

2^ 
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value of bypotliesis? *' apphsttr to tlieni as irrelevant aa the qucstioiL'i 
“'Wlint is I he value «f pfrtjtrv?’' *‘TVliat is the %'aluc of iiiiisici’* 
“ Whiit is the value of philut^oph^' ? " 

Tleceiil itives-tigittinns on deetricitv liavo done a good deal to nnita 
various brunches of physics, and I wish tliis evening to call vour 
altcntinn to some of tlte c0ri¥i?t|iiencc3 of iipplying the prltieijde of 
the ufinidity of action and reaelion—Xewloii’s third law iif iiiotion-- 
to some of these n^searches. Awfinting lu this latv the total ainonni 
of nioinetituin in Hiiy self-contained sj'stem, tliat is, any sysient nn- 
inflitenced hy other sydcjus, is cntiidaiit, that if any part of such a 
system gains ntonieutum another part, of the syKtoin iimsl simidlu- 
ncoiifdy lost* an equal ainonnt of momentum. Tliis law, betsides lielng 
(he foundation of our ortHiiary system of dynamics, is chjifely coti- 
nectefl with tnir interpnitntion of the great principle of the coiLserva- 
lioii of energj', and its fiiilum would deprive that f)riricipJe of much 
of its meaning. According to that principle the auiii of the kinetic 
and potential energies of a system is constant: let us consider a 
moment hotv we are to estimate the kinetic energy. To us the objects 
in this room apjiear at rest, and wo should say that their kinclic 
energy was zero, hut to an observer, say on Hlars, these objects won Id 
not upiieai'io l» at rest but moving witli a considcrahle velocity, for 
they wouiil h-ivc the velocity due to I ho rotatton of (be earth round 
its axis and aisti that due to the revolution of the eurth rruind the 
sun; thus the estimate of the kinetic energy made by ti Mart inn 
olKserver would be very different, from oiir estimate. Now (he ipied- 
lion arises, Iba-s the principle of the conservation of energy* hold with 
both these estimates of the kinetic energy, or does it ilepimd upon tho 
particninr system of uxes we tifse to measure the velocity of the 
Ihiftiesf Well, we can easily show that if the principle uf the equalitv 
of nctifui and iraction is true, the conservation of entfrgy holds wJiat- 
cver uses we ikc to measure onr velocities, but that if uctUm and 
rractuiii ore not tviual and ophite thk principle will only hold when 
Ihu velocities are nieasanrd with reference to a particular si*t of nses. 

The principle nf action and reaction is thua one of the foiindu- 
tione of niechaiiics, and a system in which this principle did not bold 
would tw one whose Iwliavior could not U- imitated by any raedianicul 
tnotlel. The filiidy of electricity, however, makes ns ncipiuintetl with 
cases where llic action is iipparerilly not equal to the reuction- Take 
for example the case of two eleetrifiwl Uidies, A and U, in rapul 
motion. We cun, from the laws of elertricity, cnleidiite the fonass 
whicli they exert on each other, and we find that, except in the caw 
when they are moving with the same speed and in the same direction, 
the forte which A exerts on K is not efiiml unit opposite to thiit which 
B exerts on A, so that the moinentLim of the system formed by H 
und A docs not remain coiistaJit. Ace we to conclude from this result 
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llmt bodies wlion ol^trifictl ai't; not subject to the third law^ mid that 
therefore anj mechanical explanaliuii of the forces due lo such 
bodies is impti&dble? Thiii would mean giving up the hope of 
regaixling electrical phenomena as arinlng from the propeiiies of 
matter in tnotion. Foitiinidely^ however, it is not neeesfTHry. We can 
follow n faiiiotiB [irecedent and call into existence ii new world to 
supply the deficiejicies t>f the old. H^e may siippose that ciinnectefl 
with A ami B there is nnolher system w'hichj though invisible, (los- 
mass and is therefore able to store up momentnm, so that when 
tlie momentum of the A and h system a I tens, the momentum which has 
Ijeen lost by A and has not gone to B has lieeu stored up in the in¬ 
visible sj'^lcTi] with w^hicli they lire in ouiinectiom ainl ihiit A mid li 
]dus the invisible system together fomi u system wliich obeys the 
nrdinan'^ laws of mci banics tind wIkt^^o nuuncniiim is ermstanU We 
ineei in oiir ordinary experieiiee wliich ure in all res|>ects analo¬ 
gous to the one jiLSl ciiosiilered. Take for example the case of two 
splieres, \ and B, moving about in a tank of water. As A moves it 
will displace the water around it and produce currents which will 
wash agniribl B and alter its motion; tlius„ the moving spheres will 
np|>ejir to eserl fonx^ on each othen Tliose forces have been cal¬ 
culated by Kii^chhotr and resemble in many respects the forces bo- 
tw^een rtioviiig electric charge; in particular unless the two ^:phe^es 
are moving with the same speetl and in the same dirdlion the fui’ces 
l)elw"ecij them are not iK]ual and iipposiUv Po that the moment uni of 
the two sphei'Cii not eoiL^tant. If, liowover^ instead of t^tUiJining 
our attention to the stplieres we include the water in whieh they iis^^ 
mnviTig, we find iliat the splicres plus the water form a syistem which 
ntieys the ordinary laws of dynamics and wliose moment rim is con¬ 
stant; the momentum lost or gninetl by the spheivw is gujiii'd or tO’ii 
by tlie water. The case is quite pLimllcl to that of the movirig ckH’- 
trie charges* anti we may infer fmni it that when wc luive a system 
wlmnc monientuni docs not remain constant, the conclinnoii ^vp should 
ditiw is not tliuL Xewton^a Ihirtl law fails^ but that our syslenij in¬ 
stead uf being isolated as we had Huppc«i«jdj is connected with another 
Rry^^tem which can store ujj the momentum lost by the priniaiy, and 
tlint the motion of the complete system U in accordance with the 
ordinary Iliwh of ciyiiaiiiics. 

Returning to tlie case of tlie electrified bodies we see then that these 
must connected with st>me invisible universe^ which we niiiy call 
the ether, nne! that this ether miist possess musa and Iki ^=et in motion 
when the electrified boflies are moved. IVe arc thus siirroundtHl by 
an invisible universe with which wo can get into toucli by means of 
electrilierl bodies; whether this universe can be set in motion by 
bodies which ate not electrified is a question on which we liave as 
yet rm ileckivc evidence. 
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Let US for llie moment confine ourselves to the cusc of electrified 
iKxlies, the fact thtit when these move they have to set some of the 
ether in motion must affect their appiirent mass—for exactly the same 
reason that the apjwirent mass of a body ia greater when it is im¬ 
mersed in w'ater than when it is in a vacuum ^ when we move the body 
through the water we have to set in motion, not merely thehiKly itself, 
but also some of the water artnind it, in some ease« the increase in the 
apparent mass of the IhxIj due to this cause may lie much greater than 
tlie iiiassiof the body Itself. This is the ease* for exompk with air bul?- 
bles in water which fiehavc ns if their masi> tvere many hmidrcd times 
the mass of The air inclosed in them. In the c^ise of tlie electrified 
bodies we may picture to ourselves that the ixiniiection between them 
and the ctlicr around them is estaiilished in the following way* we 
may suppose that [fie llnt^ i>f electric force which proceetl from tlicsit 
charged bodies and pass through the etherj grip, as it were, some of 
ihe ether and <nirry it along with them as they move; by means of 
the lows of electricity we rail cakiilate the mass ijf ether grippe by 
these Hues in any portion of space through which they I'lic 

result of this calculation can lx; expitvaed in a very simple way, 
Faraday and ax well liavc fauglit us to kjok for the scat lyf the po- 
letitiaJ energy of an electrified system in the space amund tfie system 
utid not in the s_vstein itself* each portion of space ]>ossessing an 
fimount of this energy for which Maxwell has given a very siinplo 
expression* }vow, it L* rcmarkuhlc^ that if wo culculatc the mass of 
the ellier gripjied by the lines of electric force iu any part of the 
space surrounding the charged Imdies, we find Lliat it is exactly pro¬ 
portional to tlic amount of |iotc-iilial etiergy in that sjiace, and is 
given hy the nde that if tliis mass wen* to move with the velocity of 
ligfit the kinelie etiergy it would tvould be et^usil to the elec- 

trustatic energy in the portiun of s|>acc for wliieh we art? calculating 
the iim!^ Thus, the toOil mas^ of the ether gripped by an ek*ctrieat 
system is propnrtionnl to the electrostatic potential eneigy of that 
system. Since the ether is only set in motion by tlic sideways motion 
of the lines of force and not by their lungitndiiial motion, the actual 
mass of the ether set in motion by the electrified bodies will l>e somc- 
wjiat less tlian that given by the preceding rule, execrpl iu the s|iccial 
case when all the lines of force arc moving at right angles to iticir 
length. The slight correction for this slipping of the Hnc?s of force 
tbrenigh the ether does not iilFci:t the genenil character of the effect^ 
and in what followI bluill for the sake of brevity take the of 
ihe ether set in motion by an electrified system to Iw pmpotliotinl to 
the potential energy of that sy^itdm. 1 he electrified Ixidy has thus 
associated with it an cLlicrcal or astral Ixalvt whith it has to carry 
along w ith it as it moves and which incrvast^ iu aiipart-ut mass* Xow, 
this piece of the unseen iinivcrse which tliu charged liody carries along 
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with it may lx* cs[x?i‘ted to have very ditferent proj>ertte 5 froui ordi¬ 
nary mutter; it would of course defy chemical aiialy$d^ utid probably 
would out be iiubjcct to gravitational atlmction, it b thus a very in- 
ieresftiog prtibleru to see if we can discover any case in which tho 
ethereal mass b au appreciable fraction of the total tnass^ mid to com- 
j>are the pro]>erties of such a both' wllh tho^ of one whose ethereal 
mass IS insigniheant. Now iti any ord.iiiary electrified system, such 
as dectrifipd bulb or chargetl Leyden jars the ttjughest calculation b 
suindent to show that the ethereal mass which they pos^ss in virtue 
of ibis electrification is absolutely insignilieant in comparison with 
their total muss. Instead> however^ of considering hckiies of appre¬ 
ciable bbe let us go to the utonis of which these bodies are composed^ 
and suppose, as seeing probahk* that these are electrical systems and 
that the forces Ltiey exert arc electrical in their origim Then the 
li<*at given out when the atoiiLs nf ditferent elements combine will be 
to the diminution of the mutual electrostatic potential energy 
of tlie atoms wmbiningj and theiieforie by what we have said Avill be 
11 measure of the diminution of the etlierual mass attached to the 
atoms; on this view the ilirniniition in the ethereal will be a 
which moving witli the velocity of light possesses an amount of 
kinetic energy (H|uiii to the mechanical equivalent of the heat de- 
veloj>ed by their chemical combination. As an example, let m fake 
the case of the chemical coiiibination whidi of all those betivecn ordi¬ 
nary substances h iittended by the givatesvl cvolutiun of heat^ that of 
h^Tdrogen and oxygen. The coinbinatioii of hydrogen and oxygen to 
form 1 grain of water evolve? 4,000 calories, or ltt.SXlO^® the 
iiim« which moving with the velocity of light, i. e., 3X10*'' centimeters 
per second possesses this amount of kinetic energy b 3 JxlOgrama, 
and this therefore is the diminution in the ethereal mass which takes 
place when ox 3 "gen and hydrogen combine to form 1 gmm of water; 
as this diminution is only abuiit 1 part in three thousand million of 
the total mass it is jilmost Ixyutid the reach of experhoent, and we 
concltide that it is not very promising to try to detect tlib change in 
any ordinary ease of chemical combination. Tlie case of radio-active 
substances seems mote ho|wfuI, for the amount of heat given out by 
radium in its t runs format hms is enormously greater wdglit for 
weight than that given oiit I 13 ' the ortliuary chemical elements when 
thi^y combine. Thus, Professor iCntlu^rford estimates? that a gram of 
nsdiijiii gives cHit during its life an amount of energy equal to 
b -1 i XIO ^rgSi if this is derived from the electric potential cnergj'' of 
the radium atoms, the atoms in a grarn of mdium must possess at least 
thb amount of jiotential energy', they must therefore have associated 
with them an ethereal mas>^ of lietwcen one-eighth and oiic^scventli 
of ft millignitii, for this mass if moving with the velocity of liglit 
would have kinetic energy e 4 |uul to tkTxlO'* erga. flence, we con- 
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duJe tbiit in earh gram of rntUum at icast one-pighth of a Tnilligrnm^ 
ip about 1 part in must to io llip ethc^ (.’onsidpriiLions of 

tills nature induced rae some tinio ago to make cxporinienrs on radium 
to see if T could gi‘t uuy evideooe of part of its mass toin^ of an ab^ 
normal kind. The b^t test I could tlutik of was to see if tbe pro- 
port ion tiia:!^ and weight was the same for radium as for 

ordinary ^iutotiinces. If the part of the massi of radium wiiich is in 
the etliei' were with out w'eiglit then a gram of radium wouhJ w*e igli 
leiiH than a gram of ii substance which had not large a proportion 
of its mass in the ether* Now, the proportion totween and 

w eight cm I to gol ver^.^ aesqurately by measuring llie time of swing of 
11 i>ejidiilum; so I constructed i\ pendulum whose bob was made of 
radium* it swinging in a vacuum and detennined itts time of vibra- 
tioTi* to sec if tbiM wTre tlie ^mo os that of a pendulum of the same 
length who«e bob is luadp of brass or troiL Unfortunotely ntdium 
can nut be obtained in large quantities, that the rudliim pendulum 
w^as very light, and did nnt therefok'o go on invitiging as long as a 
heavier pendulum would have dune; this made very Eiecurate deter- 
miuLitions of llie time of swing musos^fible, hut 1 ivas able to show' that 
to jibouL I part iti -JJXJO the time of awing nf a radium pendulum was 
the same as that of a penduhim of the same si;5e and shape madp of 
bi-ass oi- iroiL The nnnitnum iliffeivuce we should expect from theory 
is t part in S.nOfl, m that this exiieriment shows thjit if there is 1103 ^ 
abuoriiudit^' in the riLtiu of the mass to w'cight for radium if iloes iitil 
much exceed that CLtleulutod from the amount of heat giieit out by 
the riidiuni during its transformation. Witli larger L^'iidiiliims tlie 
Value uf the raLiu of nmSH to weight can to tletennined witli far 
greater accuracy tlian l part in 8 , 000 ; for example, Bessel tliriiHS-quar¬ 
ters of a century ago showed that this ratio was the caiin^ for ivory iia 
for \itii9£n Ui an accuracy of at least 1 pari in 100 , 000 ; and with appa¬ 
ratus siiecially dcsigiicfl to te>ft this point an even grptiter accuracy 
could to obUiiucd* When I made my experiments with the nidimn 
pcnrhiluiii the dose ctiririertion between the amounts of uiTiniuni and 
radiLilli in radio-active mincraLs had noL lieen disjcovered; thi^^ con¬ 
nection makes it extwdingly probahle that mdium is derived from 
uranimu and thnt ihU metal may have weight for wuight more elec¬ 
tric potential eJiergj% and thareforc n larger j>poporlion of its mass in 
the cthert than radium itself* This poiuts to the coiiclnaion iliat the 
|iro|wr suhsianw to \i^ for the pendulum ox|M!rimcot is iinitiium 
rather ihmi radium, especially sinoo uraniiiin can e^isily to obtained 
in sunicienily kirge quaiiliiies to enalde us to corLstruct the pf^ndulum 
nf the sha[ie it rid wliieh w<iuhl give the uxo^l accurate results, it 
would laU, i (hiiik, l»e im|Mfcaihli> to deleniiiiie the ratio of mass to 
weight lor uriudimi to au ai;cui-acy of I part in UoUsUOO* 
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Though have, not lxH.*n nhh to direct expertJuentul i^viikuce 
of the existence of the part of the nia^ in the ciIilt in tliLs wiiy, we 
lire in a more fortunate pci«itioti in re^iwct to u closely allied phe- 
nometioti^ vi:^, the effect of the speed of a bofiy on its apparent muss. 

have stH^n tJmt tile mass of the eUier l>LFiirid by any electrical 
system is proportional to the electric potential energy of tliat system. 
Now let us take the simplest electrical system we can find—charge 
of electric! I y concent rated on a small sphere. \Mien the sphere is at 
rest the lines of electric force arc unifunuly dLstfjljuted iii all diroc" 
lions round tlie splierc. When tlic lines are arrungetl in this \va,y 
the electric imtcntinl energy is smalter lltati fur any other [lu^ible 
distribiilion of tlio lines. Now, let us suppose Lliat the s[dien* h 
in rapid inntinn^ the lines of electric force have a lendency to 
theiiLselves at right angles to the direction in which they are moving; 
they thus tend to leave the front and icar of the sphere and cmwd 
into the middle. The electrical potential energy is incn?4isetl by tins 
process, and since the nia^ of the ether LKiiind hy the line^t of electric 
force is proportional to lids energy', this mo&i will be greater than 
when the sphere was at rest. The diirerenoe is %'ery snuill mdesa the 
velocity of the spheres approaclics the velocity of lights but wiien it 
does so the augmentatiDn of tiiiiss is very larger Knufiimn lias 
circdcd in denioiiFtniting the existence of this effect for the ^ particles 
emitted by radinm; Ihc-se are negatively electritied jnirlides projected 
at high speeds from the radium^ the velocity of the fastest i^* only a 
few per cent less than the velocity of light; ahsng with these there 
tiro oUicrs moving niiich loss rapidly. Kaufman diftermined the 
lUiTsscs of the different partieltsi, and found that the greitier the 
the greaUw the nia«s^ the mass of the more rapidly moving purtidci* 
Iwing as much as three times Omt of ilie slower one^^. These experi¬ 
ments al^i led to the very intei^ting result that tin; whole of the 
mass of these particles is due to the charge of electricity (hey airry. 
On the view wc have Ix^ii discussing this means that the whole nf 
the mass of these particlfct is due to the ether grip|}cd hy tlisdr lirii^H 
of force. 

If lines of electric force grip the etliert then, aince wave.s of light, 
according to the cleclroniagnetic theory of lights are waves of electric 
force traveling at the rate of 180,000 miles per second^ and a.s the 
lines of electric force carry with them some of tho ether, a vrave of 
light will be accompanied by the motion of a t^rtion of the ether 
in the direction in which the light is traveling. Tiie amount of this 
mass wn Ixs easily calculated hy the rule that it would possess, if 
traveling witli the velocity of light, an amount gf kinetic energy 
espial to the eiectroslntic potential energi" in the light; as the electro¬ 
static energy is one-half the energy in the light, wave, it follows that 
the mass of the moving ether per unit volume is equal to I lie energy^ 


240 ANKUAL BBPORT SMItUBOKlAK IXSTITUTIOK, l£)09. 

of tilt lifiht in thut vcilume divided by the st|iiiinj of the velocity of 
light. Thtts, Tfhen a body is rudiiiting a portion of the mass of the 
ether gripped by the body is carried out by the radiation. Tlib mass 
is, in general, exceeditigiy small. For exiimple, wo find by the ajipli- 
cation of the rule w'e hax'o just given that the mass emitted by each 
square centimeter of surface of a body at the temperature of the sun 
is only about 1 milligram per year. Wo should expect that when 
some of the ether, bound to a bo<iy by its lines of force, w cairried off 
by tlio radiation, other portions of ether w'hicb will not lie connected 
with tlio body will How in to take its place. Thus, in conse<|uence of 
the radiation which proceeds from all bodies, the ether around them 
W'ill be set in motion in mndi the same way as if a scries of sources 
and sinks were distributed throughout the iKHlies. 

Though the actual mass of the ether traveling with a wave of 
light is exceedingly smaU, yet its velocity Is so great, being tliiit of 
bfilit, that even u very small muss possesses an appreciable amount 
of momentum. Wlicn the light is absoriied in its pa»Hige ttirough a 
medium which is not perfectly tmtispiirent this momentum will 
also be absorbed and will be comramiicBtcd to the medium, and will 
tend to make it move in the direction in which the light is travelings 
the light will thus npjwar to exert a prcssTire on the medium; the 
pressure, w'hich is called the pressure of radiation, has Ijccn detected 
and nieiisured liy Lcbeikw, Kicols and Hull, and Poynting. iVll the 
phenomena associated with this pKssiirc may he explained very 
riniply by the view' that light posse^ea momentum in the direction 
in whicli it. is traveling. The po!«i>»dan of momentum by Jiglit, 
supposing light to lie an electric phenomenon, has Iwen deduced by 
somewluLt alistruse consddenition. On the old Newtonian emi^ion 
theory it is obvious at once that thin momentum must exist, for it 
is just the niontcntuiii of the particles which constitute the light. 
It is remarkable how recent investigations have shown that many 
of the projierties of light whicli might lie supposed to 1« peculiar 
to a process similar to tlmt contemplated on the emission theory 
would also tic potyc.-«cd by the light if it were an electric phenomenon. 
There is one consequence of the emission theory to which I should 
like brieliy to allude, because I think it is more in accordance with 
the actual properties of light than the view to which we should be 
led if Wfi took tbe electixi-magnetic theory in the form in which it 
is usually presented. Tlie aetiva agents on the emission tJieory am 
discrete particlw, a ray of light consisting of a swarm of sudi par- 
tides, the volume occupied by these particles being only a very small 
fraction of Uie volume through which tJiey am distributed. TJie 
front of a wave of light would on this view consist of a midtitiido 
of small bright specks spread over a dark groond; the wave front 
in fact is iHirous and has a structure. Now on I he electric Ihivry 
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<if light US uguuliy giveiij U b tacitly a.ssumccl that the electric ftirec 
is everywhere uniform over the wave front, that there are no vacant 
spaces^ and that the front has no atrueturc. This is no nooessary 
part of the electric thiJorTii and I think there is erideuce that the 
wave front docs in reality much more closely resemble a number of 
hrlgiit spcckn on u dark ground than a nnifomilY illnminfited area. 
Ijct me mention one stich piei:» of evidence* Tf a flash of light, espe¬ 
cially ultre-violet light, fall on a metal surface, negatively electrified 
corpuscles are emittcHl from the bTtrfaoe; but when wc measure, as 
we con do, the niim!>er of these, we find that only a tutysi insignifi¬ 
cant fraction of the number of molecules passed over by the wave 
front liave emitted these corpuscles. If the w^ave front were continu¬ 
ous, then all the malcculea of the metal exposed to the light would 
tKJ under the same con<Htioru aiic! aUhought likw the molecules of a 
gas, the molecides might posses very different amounts of kinetic 
energy, thb difl'erence would he nothing like suflicient to account 
for the onormous discrepancy bctw^^en the number of molecules striicfc 
by the light and those which emit corpuscles. This dLscrepancy 
would, however, cufuJy be understood if we suppose that the wave 
front is not continuous but full of holes, so that only a small number 
of molecules come under the influence of the electric force in the 
light. Wo may suppose that light consists of siirnll I cans verso piilsi^ 
and w'av^ tntveiing along discrete lines of etcctric forcc^ dissemi¬ 
nated throsighout the ether, and that the diminutiDfi in the intcnHity 
of the light as it travels outvrard from a source is due not so inucli to 
the cnf<»cblement of the individual puLschs ns to their wider separation 
from each other^ just as on the cmissiou theory the energy of tlic 
individual parlieh*?^ dm^ nut dcN^reiLS© as the light spreads out; the 
diininutiou of the intensity of the light U produced by the spreading 
out of the paii-ichys* 

The idea timl laKlies are coimcx-ted by lines of electric force with 
invisible masses of ctJier has an imj^irtant hearing on our views as to 
the origin of force and the nature of potential energy. In the ordi¬ 
nary metlKxJs of dyniimies a system is regarded as po^is^ing kinetic 
eiicrgi- w liich liepcjidsjsolcly uimti the velocities of the vartniis parts 
of which it is oomjKJseil, and ixjtential energy depending on the rela- 
rivo position of its parts. The poteDthil energy may bo of various 
kinds ^ thus may have potential energy due to gravity and poten¬ 
tial energy due to stretched springs, or electrified systcfus, and wo 
have rules Isy which we can cutciilato the value of "these potential 
energies corresijonding to any position of the i^stem. When we know 
the value of the potential energy the method known as that of T^a- 
grange’s equal ions enables m to determine the behavior of the ays- 
tern* As a mcan^ of calculation and investigation this use of the 
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pot4!iitiiil eiiurgy-^tvorks nUmirablyy amd Li verj iitilik^Ij to be super¬ 
seded: but, regarded fi'om ii plvilosoplncal point of view* the coocep- 
linii of potentiiii enorgj' is much less satisfactorj and stands on quite 
a different foot'iujx fmtn that of kinetic energy. Wion we recognize 
ehergj^ kinetic we feel tJiiit wo know u gi-ent deal about it; when we 
describe energy as potenLinl we feel that we know very Little about it, 
and tliongh it may l>e objected timt from a p met leal point of ^dew 
that little is all that is ivorth knowing, the answer docs not satisfy an 
inquisitive thing like the human mind* 

Let ua fonsEder a eommemail anailogy and comjiare kinetic energy 
to money in artual cash and putenlial energy to inoiicy at our credit 
in a bniik, and ijiipiTose such a stiite of things to exist that when ii maih 
lost u sovereign from his pocket it was invariaidy ^.'ollectedj he did 
not know how+ and phic.-ed to his credit in a bank situated ho know 
not wliere, from w^hic.h it could idwsiys lx? recovered witlmut loss or 
gain. Thtutgh the knowledge thivl this wo.^ so might be sufficient for 
all commercial pnrp(i[SC$3> yet one could liurdly stipfK>se that even tire 
most utililarian and mfllter-uf-fact of men could refrain from s-pecu- 
Intijig as iu wherf? his money was when k was not in his pockety nud 
endeavoring to penetrate the mystery whidi envelops the transfer 
of the stiverrign backward and forward. WeU, so it is with the 
physicist and the {^!Ouceptinn of different forms of potential energy; 
lie feels that these conceptions are not simple, iind he asks himself 
the question wliether it k net'cssaiy to Eup|>ose that thesu forms of 
eneigj^ are all differait; may not isll energy be of one kind—kiudiel 
and miiy nut tlie transformalion of kitietlc energy into the different 
kiiida of potential energy* merely l>e the trati^for of kinetic energy' 
from EE pari tif the system which alIccLs our senix^ to lumther which 

I Iocs not., j>o that wltat wo call puieiitiiil energy' is really the kinetic 

eiicrgi'of partsiof the ctlier which are in kjneiiiEitieal connection with 
the material S5'stcm? l^ot me ilhistrate this by n rumple example, 
SupjKise I take a bcKly, A, and project it in a region where it is not 
acted on by any fnix'c, A will move uni family in ii straight line. 
Suppose, iimv, I fasleii another body, B, to it by a rigid connection^ 
and again project it. A will not now move in a straight line, not 
will its velocity bo uniform; it mny, on tlie contrary, describe a great 
variety of curves, circles, ttwhoids, and so oOj the curves depending 
on tlie mass and Telocity of B when A was projected, if B 

and its connection with A were invisible so that all wc could observe 
wan the luotion of A, we should a^ribe the deviation erf A's path from 

II straight line to the action of a force, and the changes^ in its kinetic 
energy to cliauges in (hr |ioicntiiil energy of A ns it moved from 
pinco to place. Tliis method is, however, the result of our regarding 
A as the sole menilior of I lie !=iystem under observation, whereas A is 
in leality only u part of a larger system; when we eonsidcr the ^ 
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tcm m a wliole we see that it l^ehavc^ as if it fr^e from tlio action 
of extcmni forces and that its kinedc enei^y remainn cotistant; what 
im our restricted view w6 regarded as the potential emrgj of A is 
seen {m the more general view to be the kinetic energy of the system 
B. It is now numj yeai's ago sbic^ I showwl tliot the effects of force 
kind tlie cxistenee of potential eiierg)' may be ref^rded as due to the 
contiection of the prinmry system with second¬ 
ary ftywteuiH^ the Idnetio eneiT^^ of these systems 
being the potential erierg^^ of the pritnaty, llie 
complete siystem having no eneigy other thim 
the kinetic energy of it.^ coi^iiiionts; a similar 
viBAv is the foundation of Hertz's ifj'stcin of 
mechanic^. 

fjct iL^ consider one or two simple mechanical 
f-ystems in which the motion of snatter attached 
to Ilia s_vstcm produces the same effewt as a 
force. Suppose A and B (fig* I) an> two 
iKxllea attached to lubes whicli can slide verti- 
"^cally up and down the rod E F, and that two 
ballsy C and D are attaehiH:] to A and B by mis 
hinged at A and E, then if the I sails rotate 
aljout the rod iU^y mil tend to fly ,^part, and as 
the balls move farther fmiii the nKl thoir points 
of iitLacluneiit A and B must approach each other 
tend to move toward each others h they will 
were an attractive force acting between; the velocities of A and B, 
and therefoii; their kinetic energy, will change from lime to time; 
the kinetic eneri0* lost by A and B will^really have gone to increaBo 
the kiiielic energy' of the haUs, If the nuatlng i^yslem C and D had 

Ix^en invisible we should have 
explained the heiiavior of the 
system by assuming an at¬ 
tractive force with corre- 
Kponding ptjtcntial energy Ij6^ 
tween A and E. This is due 
to oiir considering A and B as 
a complete system, whereas it 
is in reality part of a larger 
syistem, and when we consider the complete system we sco that it 
helui\^i^ as if it were acted on by no forces and posj^csssed no energy 
other tliun kimdic* 

It may perhaps 1^ of interest to note lliat wo can in a similar way 
make two bodies appear to at tract eacli other with a force varjnng 
mversely as the square of the distant? between them. Let A and li 
(fig^, 2} be the bodies^ and suppo^ dial parabolic vrires without mass 


tinis A and B will 
bcluivo as if there 
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are to tbcRi, if thi>sa are threaded Uirotigh a ring P witii a small 
but anite majss nnd the caused to rotate round A and B, the 

effort of the ring to get away from the asda of rotation will causa 
A and B to approach each others and the law of approach may easily 
be shown to lie the same as jf there was a force belvveeti them vary¬ 
ing inversely as the square of the distance. 

The result mentioned on page 230 that the potential energy of a 
^stem charged with electricity is equal to the kinetic energy of the 
mass of ether bound to the system when moving with the velocity 
of is another eianipJe of potential energy, being in reality the 
kinetic ene^ of an associated system, and indeed, os I liave endeav¬ 
ored to bring before you Uiis evening, the study of the problems 
brought before us by recent investigations Jeads us to the conclusion 
that ordinary material gystems must be connected with invisiblo 
systems which possess mass whenever the material systems contain 
electrical charges If wo regard all matter as satisfying the condi¬ 
tion we ate led to the concluaioti that the invisible universe_the 

other—is to a large eitent the workshop of the material universe, and 
tliat the phenomena of nature ns we see them are fabrics woven in the 
looms of tills unseen universe. 


DEVETX)PJrEXT OF GENERAL AND PHYSICAL CIIEM- 
ISTRY DURING THE LAST FORTY YE^VRa-* 


By W. Xzfljtrerr. 


AUhou^ in principle physicH and chembtty follow the sitne 
meLliotb and look toward a common end, an end which, as Helm¬ 
holtz has so aptly described it for physics, is “ To assert by the 
logical forms of laws our intellect mi I mastery over nature, at first 
a stranger to us,” ncTcrtheleas the diversity of the problems and 
facilities has in practice necessitated a separation of the two hmndies. 
Consequently the energies of the physicist and chemist havo been 
expended almost entirely on special problems in tJieir own fields of 
research, and as a result a large boundary region between the two 
sciences remained neglected for a long time. Only in the period of 
time whicti this sketch covers hitfi there been any lively interest in 
physical and theoretical cbcmintry. 

No ono will deny that, as far as any theoretical mastety of matter 
is concerned, physics has not for a long time made nor is even now 
making any advances. Why this can not l)o otherwise is easy to un¬ 
derstand. The physicist often needs relatively only a very small 
amount of material to work on to derive immediately the fundamental 
theoretical laws of the subject which he is investigating. For example, 
it is only necessary to know the density of atmospheric air at a .ringle 
temperature and a single pressure to develop physico-matliomatically 
by the solo aid of tho ps laws and the principles of the theory of 
heat the rule of sound ribration, and from that the fundaments] prin¬ 
ciples of acoustics generally. How different and how much more 
difficult are the problems which confront the chemist wdien be at¬ 
tacks the study of atmospheric uir, whether he attempts to determine 
its composition down to the lost particle or whether he investi¬ 
gates the remarkable and complex equilibria which obtain at high 
temperatures. 

Chemistry to-day can boast of a set of theoretical principles that 
do not suffer in comparison with those of pbysica What a mass of 

•Addrew before Uie tlvnuaD CbeiulcaJ Society at the ceIcbnitloD of tbc for¬ 
tieth aDQtvemry of the society, Norember It, IdQfT. TreDBlatcd, by pcnulEatou. 
from BerIcbtcD dor DentacliDn CliomlKliea Geaellacbaft Jabronop XXXX. Heft 
IT. Bcrlla, 1007, pp, 4SlT.4nS0, 
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Gxp£‘ni»whlj»l matmul is set forth in tliu tuhlo of atomic weights. 

hat quantitative facts can the man of science draw fortli from its 
figures, such as composition, specific hent, vapor density, lowering 
of the freezing point, and the Uko of iniiumcraWe sulistances. IVhat. 
can he not forecast, by the aid of geueml analog^', in the way of 
tihj'sical and fhcniical properties of many other kinds when he calls 
to his aid I Inti liappy artifice, thts pirriodic cluj^ification. The very 
fact that such an abnndnnce of materia] has been brottglU together 
iiccessaiity iiic i\>nses ijiiiny tinies its itnporlance after it has once Ijoea 
succisavfully clasailieil. 

Ihe i}u‘Oi'y of ilir I'oiibitlnl ion of organic coiiiblitations fumislnhr 
a gTKxJ example of tliis fact. In a short time, when the organic com- 
pounds {pilhered tojyfetlier in the new edition of Bcilstein's hand- 
Iwok wUieli tills society has under preparation are published, we 
shidl, I have Iwn tolil by the editor, be confronted by moi-e than a 
hundred thousand stnictnral formiiler. It is by the aid of tiiLs t heorv 
of organic constitution that a great part of these eombinatiotiH have 
been worked out. ami it is only by its aid that it has Ixwii possible to 
describe and ehissify this stiijieridons anionnt of matei-iiiL And if 
one linally eousiders all the informatiou the initiated ran read out 
of (he stnictnral formulas and considers the mass of experimental 
data iliat often had to be oldnined tO' establish oven one of them, he 
milizes that in the quantity of experimental facts logically conslrned 
and clasHiticd. the doctrine of the constitution of organic corn hi na¬ 
tions stands ul the bead of nil theories that the human niiud has 
conceived. 

Another cireot of the ilcvelopmonl of chemmtry from the theoretical 
p«nnt of new is that ulroady in a great many cases theoretical and 
ex]K‘rimcQtnl-work can hai'vlly lie distinguished, so impreguated with 
theorj' have nicst of the branches of chemistry become. Consequently, 
it is my tusk tondny to give not u general view of the whole of theo¬ 
retical diemUtiy, but merely of tlial part which mav be caUed 
pbvFiciiJ. 

In first part of this sketch iho rclatioib^ btiiwecn plivsical piYjp- 
erties mid dieniical ctmstituiiDu will be loiicbed on, a subjccl which 
formed the principal field of research for physico-chemical work in 
the latter half of the period we are considering. The description of 
this work will fje very mucb facilitated by ati adherence to a system¬ 
atic mode of da-^fication, nccording to which the properiiKi of sub- 
nre divided into three 

There Is. first, the measurement of those acccsaihle quantities which 
render possible the Immediate doduniou of the values for the molecu- 
lai' iveigbts, and which may be briefly designated as molar rmipertlea. 
Among these, os Avqgadro has shown, the vapor densiti' deserv’ca a 
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pluce ill the first rank, but it bus lictin left for tlie new c|XK;h, by the 
aid of ilie direct end Indirect tiietliixle of mcieiuriiig osmotic pressure, 
to tl)ro\r an ctjuftl light on the molecular weight of diteolved sub¬ 
stances. Ill tlio deieniiLnation of the molecular weight of liquids the 
value of lUo temperature eoclKcient of surface tension has been of 
the greatesl assistance; the heat of vaporization, the critical con- 
stant^i, the cuires of vapor tension, luid a series of other values, also 
furnish more or less sure means to the same end. 

All the.H‘ rnetliods, with complete accord, lead to the conclusion 
that most substances, for instance the saturateil hydrocarbons, pos¬ 
sess the same moleciilnr weight in the liquid state as in the gaseous 
condition, but that a number of substauces, like the alcohols and 
especially water, are more or less highly polymerized in the liquid 
(sindilion- But what is the degree of polynierizaiion in eoch particu¬ 
lar c-BSe? Wliat equilibrium is esteblhdied in these pure liquids? 
These interesting questions unfortunately still evade any cxoct or 
quantitative solntiom 

As die most important results of these new methods of determin¬ 
ing molecular weights, especially of the osuiotic method, we may 
mention first the ingenious theory of the existence of colloidal solu¬ 
tions ns an iutermedinte stage between tmo solutions and mechanical 
auspeiiKions, and then the more definite conception of the ion to whicli 
WG shall rot urn later, 

A second scries of projwrtics are iliosc designated under the name 
of additive properties. Any such property of a rombmation U the 
resultant wiw of the properties of its constituents. To nil apjjear- 
ances this is a very simple nilo, but at the satim time it is impossibla to 
form any idea from it os to the size and structure of the molecule 
Among these projjertiea we may unto, beside the molecular volumes 
of liquiil oignnic compounds, tiioJecular refraction, magnetic rota¬ 
tion, heat of eomhitsiion and the critical coefiident. 

A tliird series of properties depends not only on the nature of tlio 
atoms whicli exist in the molecule, but alsr> on tlieir arrangement in 
the molcoiilar stnicturu; accordingly th(y are designoted constitutive 
pmpertie,-^ Thus tijc molecular refraction of hydrocarbons depends 
not only on the number of hydrogen and carbon atoms present, but 
also on tbe existence or nonexistence of multiple bonds between tbe 
carbon atoms. 

From this we derive a vciy imptirtant result,■ we may attribute to 
the double bond « determinate amount of refraction and take into 
account ^tb u high degree of approximation, the infiiienee of its 
constitution, by a rohirn to tlie additive method. 

hrequeiitly certain properties appear onlv with a particular group¬ 
ing of atoms. In such case it is a qualitative rule of the highest 
SS2&2—sn —IT 
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value thfll; iuvoj^lyj from tlie apponriiiic^j of thct^s proper!iK we can 
predicate the exiiTtefice of these definite foi'm'i of eombiniition. The 
classic exanipleof :hb type is nlforded by the power of optical itilti- 
tjoit ill carbon cotnpoiiifidS} which is dep^^ndent on tiio existence of 
one or more asytometric eiirbon atonic (or similnr asymmetric htrtie- 
tiir&i) in the molcenlu. 

Ill the iviimc way in llicsc or^nie txiiJtpuLmcis one can discover fnniii 
the appt'iinince of colors or more exactly, from the a |>[>eiiriitice of 
certain chanicterLstic iibHorption hatids„ as well of fluorescence 
tlie e-xbiteiice of particuhii' groupings hi the moleculd. To this i^arno 
category of prot^rties belongs also, in the largest sense, electrolytic 
eonductiviij* which indicates the existence of f I’ee ions—that is to say, 
the combination of element or radicles with electrons| aocl lastly, 
the appearance of the maximum vaJne of ii for the ratio of the spe¬ 
cific heats of a gas ia, accoixling to the kinetic theory of gnses, fin 
indicution of a monoatomic stnte„ a conclusion whidu as is generally 
known, was first applied to nis'rcwry vapor, and which in nwent times 
has been of inestimable st^rvice in the delenmnation of the atomic 
wcight.s of the argon group of elctncnts. 

In (he last imalysls all these properties are prohaldy ooiistitutive 
iiho, and their interpretation as either purely niolar or purely additive 
is only fi more or Jess close approximation. Often, even in the regions 
which have already been den red up to a great extent by the adilitive 
method, great dificulties have appeared upon a more careful investi¬ 
gation. I .«ihati1d like, therefore, all the more to place you a 

special case where the theory i^ms to have reached llio givatest 
exacUtiide, 

Wv liavc fim^™^ded In mincing to exact terms the gaa densities 

whtcli for n long time affordrcl the only means df molecular weight 
(letcrminatidit. On account of tlie variation from the laws of per¬ 
fect gases, whi^ all actual gases show, it was natural that a method 
of approximation shcHiUl be developed. In our epiX'h, however, we 
have learned with the help of viin dcr Wauls’ equation, particularly 
hy Tiding compiTGSslbility, to retiiicc nl] guses to the ide:d gnsuKui^s 
fituto nud tliciieo to dwliiee tlic exact relative i-nliies of molecular 
weights. 

P'rom these results, two ends have been ntlnincd: First, it has l«!en 
proved that the morf important of the theoretical laws that we 
possess, Avogadro’s rule, appears to be an inGintelv exact natural law • 
and second, a new mediod. purely physicnh of determinijig atomte 
weights has been acquired which can stand romparisoti in exactnc^i 
with the methods of analytical chemifitri-, but which is Itmiteii natu¬ 
rally to the cases where the density and compressibiJitv of a chem- 
icftlly pure gas can he detertnijied. 
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Tlic problem, Iiowever, of rceofieiling esperieutie miJ Ihporj' in 
tlie ca-'io of »me other physik-ul propcrlios, ns successfully iis in this 
example, seems still fnr from solution. In general the exaetness and 
coDseqimitly tlic relialnlity of theoreticfii treatment have been more 
striking in etmnectiun <vith the theory of corresponding states which 
ive shall now take tip. 

In the theoretical consideration of nnturul [trot?ts! 5 eR, it has gener' 
ally Wn considered necesi-rary to take account only of very smull 
iimations of tho system under oliserTHtion ; a variation of any extent 
caused so many complex accessory phenomena that it was impossible 
for Hie mindV eye to follon- them. Thus in theoretical physics we 
see the quintessence of nearly nil theories represented by a diffemitial 
equation, that Ls to say, by a matheinaticn] formula whidi lins to do 
with only infinitely small variations. Tlic estahlishmcnl of a differ¬ 
ential cqnntion (assuming, of course, that it can be solved) hua a 
symtonuitic .ligTii Heat inn in a science, since its employment provea 
tlint the region of corresponding phenomena lias been carefully con¬ 
sidered. It was, however, by a rare nnd fortunato chance that the 
law of mass action wos cstabii.shcd in chemistry some forty years ago. 

I recall vety vividly the great !iurpriso I experienced Ti'hoti for 
the first time a difTerential equation appcarcfl to me in the study 
of the speed of reaction of the saponification of ethers, eapcciuliv 
when I discovered how beautifully the integnil of this equation was 
confirmed l>y the facts. TTow many inconfU-stencies, how rannv 
itTegularilies, and how many values depending on all sorts of oontii- 
tions appear at first glance in cheinical phenomena! Nevertheless 
the law of mare action shows u-s that, if wo di,sregiird the secondary 
]diGooincna of siipersaturation and the like, if we maintain a coiudaiit 
(emperature, and if we consider a chemically homogeneous system, 
we will have to deal with plienomena veiy clearly defined and calcu¬ 
lable with mathenialicnl precision. 

The law of maHj action fiimislies at the sumo time the Inw for 
static and kinetic chemistry. It gives us the outlines not only for 
the experimental investigation of chemical equilibrium but for tlic 
speed of chemical reaction. Therefore f can cito as iho most im¬ 
portant result of the last forty yeais in thb field the fact that not 
only arc we in possession of the laws of cUemical equilibrium and 
the spectl of reaction, but above all we can classify a great many 
exjwrimental facts as logically following tlie law 'of mass action. 
Tills litw, as I have stated, is of the most general application, but 
experience shows iis that genera] theories arc not very profitable. 

Accurate results are never obtained except hy fortuniite sfieciaHajition, 

Organic chemlstiy, characteri^sl by the inertia !ho landing of 
the carbon atom, furnishes « vast field for the application of kinelic 
chemistry, whilo the solutions of salts, acids, and bases which am 
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chBrfict<^ri^cd by the pructicEiUy bisUintuneous nattu-e of a eertsun 
catcgoiy of dwsitiicjil re^ctioiL^ olJor an nlmn^t inexhuvisrtible of 
cticmical f.^iuiibriii. 

Hun?, howuver, the of electrolytic difsociation comes to our aid, 
a lavr derivi^, it is true, in principle from experimentis on the electric 
oanductibility of dilute ssdme solutiorii^ but which was first pnt on a 
reliable experimental footing by the orotic method of moleeukr 
weight determination. 

The importance of this doctrine extends far l>oyond ttio field of 
chemistry proper* Briefly defsoribed, its application to clieinicaJ proc- 
oojisiirts in the fact that it allows an exact application of the 
laws of sLtitic diemi^Lry to characterislic at|Uieous solutions and 
thiongli thc^ to the reactions of ordinary atialylie chemistry. 

The later refmemcni of this doctrine has re^dted in a y^vy detailed 
theor 3 '^ of equilibrium in dilute elutions, and in particular in the 
prcMjf of tbo fact that when, for a curtiiin solvent^ the coufficienLs of 
dissociation and solubility of thcK^e electrically neutral molecules 
which nra composed of several conibmed iona are known, the erpu- 
tihrium in this solvent can be calculated, and if the coefllcienta of 
distributioo are knowu, the equilibrium in any other solvent what¬ 
ever can be derived with equal facility* 

On account of the rimplicity of the gasMous state we alioulJ 
expect that the law of mass action would lie particularly profitable 
in reference to this phase. But it was found that at low tern pc m- 
turcs the speeds of reactions^ like many of the reactions of organic 
chemietry, were generally very smalL At high temperatures, how¬ 
ever, equilibrium wus establbhcd as in ionic reactions almost instan- 
taneouslj'* But in this simple field there are, nt Iho lower tempem- 
turest difficultly cotitrolled catalviic bdluences, and at the high 
temperatures inherent experimental difficulties jjlace themselve^s in 
the way. It la nevertheless to be hoped that in tlds field of gaseous 
reactions w^hich inv esstigalors are imw eagerly attnckirig from dUFor- 
ent points, a wealth of muteriul and a correspondbig theoretical 
j>rofit will jjoon be forthcoming. 

Ill the applicaiion of tkenuodynamics to chemical phenomena lies 
another field where the methcMls of thuwretical physics have been 
fnnlful. Thcre^ too, the first great step in Eidvance was taken 
almi^t forty years jigo. The work 1 allude to is that particularly 
important proof tliat the chemical law of mass action should be 
recognized as a direct application of thermodjm arnica, w hich is found 
in volume 2 of the transactions of the fbsrman Chemical Society, 
Among the further re?^ilbi obtained in this way I should state that 
the aid of thcmiod^ fiamica alone has made possildo tlic dose and ex¬ 
haustive sstudy of heterogeneous equilibria^ particulnrly those where 
imxtnn^ of given concentration {not only dilute solutions) enter into 
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llie equilibrium. I'or sjicciaJ case^ of hct^rogrncouFs equilibria tlicre 
coiues into play tlie so-eulkd '^pbage niks’^ whidi expresses in prin¬ 
ciple that in eveiy case fixed (btable) equiliUriu airtespond to given 
conditions of tempcjniture, pressure, Jind cotic^ntrution. This rulG 
is llii^refone ratbcr u reUsble formula dian a theory projnjr, and that 
is wliy from many sides we ui^ warned not to exaggerate its value. 
More important from a theoretical standpoint is the dejnoni^nition 
in chemicul compounds of two sorts of stability. One is the apparent 
stability which h cbaracteri™! by the fact tlml its speed of decom^ 
position Ls very slow (examples: Nitric oxhle, hydrtigcn peroxide, atui 
most organic compotinds). and the tsthcr, llic true stalnJity, which h 
characterized l)y the fact that the equilibrium depemk on a quantita¬ 
tive formation of the iuihstaiice considered apart from its components. 

Eleclrochmiistry'^ and photochembln^ ore governed hy laws closely 
related to those of thermochenjistry. Although tlie study of the 
liittci- of these two fields has presented, up to the present time, great 
difficultly in the Avay of theoretical invesligulion, Farmlay’s law^ 
whidi establishes the proportion between chemical traiisfonnation 
and the quantity of electricity pai^d tlirongh i\ system in ti given 
time and w^hich Uuis makes possible tlic eaJculation of the electric 
energy necessary for a given change^ has provided an accurate 
foundation for tlie appUcalion of Uiei inodymairiits lo dectrochendstry, 
Alw, by continuing ihe special conception which gave rise to the 
theories of cK-nnotic pressure and eleirtrolytic dissocintioiu a simple 
conception of eleclrodHontcrul processes has been develoifcd. It has 
at the same time become apparent that electrical forces unquestionably 
play Ji great part, not only in elect r«x:hemical phenomena, but aim in 
many purely chemical reactions. 

Thus we are brought to tlie problem of the natiire of chemical 
forctSK. Although this question does not perinq^ pctssess the finida- 
meiitiil impoilance that is often attributed to it, nevertheless it should 
be briefly considered. It cun lie treated here still more briefly be¬ 
cause we are obliged to ndmit that during the period under consideni- 
tioE there has beem no answer to this question which really tells us 
auTjihing more than we can .see with our ow^n eyes. It seems reason¬ 
ably certain that we shoutil admit the existence, not only of electrical 
and till re fore polar forces, but of nonpolar natural forces some what 
of the nature of Newtonian gravity* Mlicn fluorine and potassium 
unite to form a Eiali; tlie colossal affinity between tlie tw'o elements de¬ 
pends nt any rate in part on die affiufty qf the fluorine for negative 
electricity and of the [mta^ium for positive electricity; but when we 
find in tlie ortlinuiy nitrogen molecule two atoms of nitrogen uuited 
in a combination, perhaps of equal stability^ it would appear that in 
tlie case of ns complete an identity as prcsente^l by two atoms of 
nitrogen the action of polar forci^ ahould be entirely excludetL The 
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fjict thilt poliir Sind imiipolar forces nlwftys ncl .sifiiiihanooiislv in the 
pi*oductiou of chemical coEiilii nut ions is the principal reason why in¬ 
vest igntors have not yet been able to fatlioin the nature uiid the law 
of dieinicjii forces, *ind is respon^HihIe for the fnut that the inve^tiga- 
tion>- have not yet gotten away from n ccinsidoration of the bulaticc 
of energy* 

There is no need of entering here into that mootctl que^jtion which 
has been brought up mony tiinca in physical chemistr>\ the question 
of the guprenuicy of the thermodynamic or the atomistic theory* 
This is perlmps nearly afi iinportani asf dote rm ini ng whetlier Held Her 
or Goethe was the greater titling aiul diould be answered in a like 
mAnner: We should rejoice in the possession of two resources so 
powerful and at the present time so indisprnsjible for sciciitilie 
tlioiight* The chronicler sliouUh however, nvake note of ihc fact tliat 
most of the modeni results in the doinain of idiysical eUemistry iiavo 
been obtaincKl by n happy efimbliiation of theruiodyuainic methods 
wilh mokicular theories, kucIi as the creiitors of the niudern theory of 
heat have followed in devoting nsiR:^! of their work to the dcvetopiuent 
of the aioriiisdic side^ particularly of the kinotic theory* 

Theml^JdynQlniD? had its origin in the nietboils of maiheinaticfl] 
ph 3 'si(>i. The atomic theory, on the ironlraij, oTves its high state of 
perfection ei?iH*ciaUy to chemical rt^arch* IVe shotild n^gard m a 
result of the latter the npplieatipn of the atomic theory to the stdenco 
of electricity which hsis begun to develojj n chemical tlieory of elec¬ 
tricity. There are many reason* for Vitdieviiig that the two forma of 
electricity are composed of ahtioMt infinitely small particles, each 
identical witli the other, called ** electrons/’ Ckjn-Heqiieiitly% fi'eo ions 
shoiiLd be interpreted iisconibinatinns Ix^tween thodeniqnts or redides 
and the electrons, lo which the laws of cojistant nnd niiilliple propor¬ 
tions apply and which likewise arc? governed by the theory of valence. 
Wo must Hill it, however, Uiis brief indieatioti of hoxv tlte atomic 
iheorj^ by such a marvelous enlargement of its horizon, has put a 
number of phyirical and chemical processes in an entirely now light, 
and end with a few words on tlie raclio-nctive emanations wbowfi 
osifc^ence b made dear to us throtigb the electron theory. 

The effects of thk nuHation, according to the prevailing thcorj*. 
are caused by the projection of electrons either in a frt^e frtate m 
bound up with matter, and who^ existejice is inoet easily detenuinod 
l>y I lie cieii-troseoiw* These, very rccLiil rcseaieheii have opened to us 
the new world of nidio active hiil>stanccs. For soiLsitivene^ this 
method of ix^^arcb is often superior even to specLral analysits. As an 
example f may mention the fact that according to ihe calcululions of 
a yoLiiig inve*ti|^lor in lliis fiidd, if n milligratn of mdiiim C were 
divided among all the people living im the earth (aliout two tliousarnl 
million*) each one of them would iKKSbOKs aiuanmnnl sufficient to di#- 
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charge five electroscopes, sufiiciect to enable him to stiidy (wilii a 
sufficient experimental accuntcj) the most important radio-active 
properties of each clement. 

llie extreme sensitiveneasof this reagent for radio-active sabetanoes 
has been tho only factor u'bich haa pemritted the discovery of several 
radio-active elements vrhich had heretofore oscu|]cd notice been use of 
their very small quantity or because of the brief period of their exist¬ 
ence (in tlic sense of the hypothesb of atomic dcconiposition). 

ll is often eaif>y to write history, but it is always more dtificuH to 
leam nnytliing from the history after it is written. If I daro make 
a modest attempt in tins direction, 1 should say perhaps that the 
chemist with sudi a ma^ of material to work on is destined in the 
future to prepare new compounds and to study the reactions of tho^ 
already known as in the past, but that the methods of expcrimcnUl 
and theoretical physics will be more and more called into requisition 
to supplement purely chemical research. 



DEVKI/)PMENT OF TECfTN-Or.DGTCAT. CIlEMTSTKY 
DURIXG THE LAST FORTY YEARS* 


n? O. N. Witt, 

J*rD/M*e»r i>/ TwAniruJ al lJ*c PoJi/lfcknic Sck^t itt CharlttiinHlDirff. 


Tlie replant at JVC9 of fiieniistrv, gcncml and plij’stcal. Inorganic 
and organic, Jinve striven in noble emnlntion to surpass each otiicr iti 
the tiuiiiber and inaporiance of tiieir dlsttiverie!-. From tlie lalwm- 
tories great and small, official and private, the results of rosearcli 
have flowed like tile riv'iilets which, irrigating the well-watered fields, 
come together in broofcij then in sltearm and in rivers, bringing 
fertility to the habitations of men in the valleys, nbiindant 
harvest hns bee.n raised on these watered plains, a harvest which has 
been enthtisiostically consumed by the people. 

This liarvisst, the reward of scientific research, the abundant fruit 
of the patient work of the mind, consists of the applications which 
contribute to the well-lj^?ing of the people. This is why technical 
cheiiiisLiy is the worthy companion of ahatract research in our science. 
It should prosper when research is floitriahing, and the additions to 
cheniical technique, during the last forty years, are a striking proof 
of the cormliiess of this assertion. 

About the time when the German Chemical Society was founded 
a period of far-reaching transformation began in industrial chem¬ 
istry. The induslty of mineral acids and alkalis, based on the Le¬ 
blanc process—the only one w*hich could Imast at that time of the 
title “great chemical industry’■—BtUJ adhered to Its stereotyped 
oiwrations and to the dependency of its seriesi of steps, one upon the 
other. Blit the 3 *oMug Titan which was destined to struggle with and 
cause its conipleto rehabilitation—tbe Solvay process for the produc¬ 
tion of soda iny means of ammonia—had como into existence and 
was already developing. About IBTO this process appeared to have 

*Ad<lTcw; bcfoi* tla? Oemmn Cbcmlcail Society at the celLibrnilou of tJie for- 
tietli aaulversa ry of the mclcty, Xovcoiber 11. lOOi. Tmntdatcd tiy ticitiiaMloo 
trom ttartchtco dor Oeutaclieu ChcmtHcbca GcseliiKliiift, Jabr^ii^ XXXX. 
Ueft 17. Berllti, IHOT, JU44-40,’>2: 
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readiecl n product hie stage, niiti it was recognized that the possibility 
of uhtaining soda iridepcndetitly of the I^ebianc pitK-ess ’\vouJii break 
lip the whole continglly of this great chemical industry. It was still 
protected, however, by the close depciideuce tm it of the production 
of h^'drochluric acid ami from this the making of chlorine by Uie 
inilphute proiwss, and by llie ndvaiitages olfered by the soluble product 
of its raw soda in iJie preptiration of caiislio si'alji. In truth, these 
two circiinislaiiCT'w prolonged the life of the Li.'blu[ic process for Bev^ 
eral decades and are resjxinsible for the fact that even yet it has not 
entirely diaii>[>earecL 

Inward IKISO, almost simiillancously wliTi the devdopment nf a 
commercial process for I lie piYHliiction of soiln by ammonia, came the 
inuiiguratioii of the putiisli industry at istnssfiirt. which was fiiiinded 
on the fortunote dtiscoi’cry of the depusita of salta there, under lluj 
fertile iiilhicTice of Idebig’s womlcrfiil rcsauirehes. 

fo the prepamlioii of potasiiiitii chloride frenn cantallitc and 
aylviiiite srion was addeil the preparation of bromine, of |yotaasiiim 
nitrate by the use of sodium tiitnite, and the manufuHnie of potash 
by tiie larblaitc process, witlunit any danger liere of n conciirrefit 
process with ammonia, L'innlJj', n suecesafid process was ileveloped 
for the utilization of part at least of the magnesium coinpountl# wdricL 
were piTSient in the salt de|JOfiila, nltliough the sticcessftd extraction 
of all tin? magnesium chloride made in tlic Jiotiisstiim industry is 
to-day still in the category of unsolved problems. 

The year 1S70 saw- the rejuvenation of the cciitiiry-olrl induetiy 
of oil of vitrifil, tim fuming rndphuric acid, whose small content of 
sulpliiirtc anhydride no longer suJBccd for modem necib!. 

In place of the product obtained by dutilling vitriolic schists came 
synthetic sniphiirii: uiihydride, prepared by the catalytic c^uiibiiint ion 
of sulphtiroiis anhydride nnd osygen, and the pyrosiilpliuric neids. 
Tlii-: new proems of mannfiictiire was to iniluenco and tramsform the 
whole ^ilphiiiic acid industry to a great extent. It was ]sossibic to 
apply it to advantage more than a quarter of a century later, whou 
the modem contact pr(X;esse3 ap|war«|. 

The Just I wo decades of the iiinetei-ntli centinr were churacteriKed 
by the development and application with osceptional rapidity of elec¬ 
tro- techniesn In [he held of cliemistrv, this new phaso of imlu'^trr 
mioii itself ill the development of electroivtic metliofJs of oiii^ralion 
In the held of elcctro^metaJlurgical processes, the most important of 
which are the preiwmtion of almninuin ami the clectroii^ic refinin^^ 
of copiH-r, which are closely followed by the manufacture of calcium 
carbide and carboniiiduin. Hie quastion of il,e dectrolvtic decomposi¬ 
tion of alkaline chlorides him iieen n mort ivarmly direuawd iiroldem 
-llie diflicult problem of preparing membranes Which are more aonsC 
tivp, and ut the same time more resktant, was solved almost simiil- 
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taiiton^ly by ihrcc proo^j^sjes, lluit of Griesheinit Ibnt of Cnstucr- 
Kelltfr^ iiJiJ that of Aijssig, whkh are close rivals m tlioir efTwntivfr 
TiGS^ ami iKiklnRss of invention. Widi these ii m\\~ era has begun in 
the ijrodiii'tion of I'austic alknlis, anil aUo iti the chlorine InJustrv- 
I'be old prtM'Cs's for llie prodyrtinn nf di I urine lias disappeared along 
with tliP ingenious rnethoris of Weldon and Deacon. Chlorine- once 
so costly, is pr^Klinxd in sndi abundance a_s tn pnjvoke a fcverisii 
sraivh fur new applimtions for it. Bj the siile of and fdt<ui in the 
place of the vcnerfkble crhlorlde of lime we find lo-day liquefied niolee- 
idar chlorine put up in tianspcjrtable fomi in steel bottles. 

Firm 113 % Lbe production of alkali metals on a largo scitle should be 
counted us one of the most important results of modern electro-cbem- 
icid technologj'. The sunie reaction in a fonn suitable t«s technical 
methodB which once in Davyds hand!? led to the tliscovcr^y nf tlu=^ 
tiiebil?^^—the dt?cirolyaLs of irtkaline hydnite^i^—has shown \isAf to Imj 
the liest ami loiist LY>stlj nicthorl of nmnufaiUure for these i^trongly 
reactive li<jdies, oiio of which espechiilly, sudiurii, liuu rajiidly tweoino 
of extensive application in a technical way* By its aid in parliciiliLi% 
it has been possible to produce |H>ln^iiiiii cyanide fiw from cyan- 
atos. which has contributed to the success of the cyunido process for 
refracLori" g^jld ores. 

Such a nictaiiiorphoiiis of inorganic eUemical teclmology as has 
lieen bridly^ desscribed would not have been conceivable if greater and 
gicuter quaniiLics widi their cxjutinuall^v decreasing prices Inn I not 
found a continually increasing market. The 8iime fact nlong w^Uh 
the imLural increase of necdri grnenilly has protluced in the case of 
organic chemistry an even more ^striking and rcjimrkuhle tniiii^forma¬ 
tion and development than in inorganic technical processes. 

We nil know in n general way that the old industries of brewing, 
distilling, sugar making, and staivh making, of the production of 
fatty brxlies and of foods, all of whicli are coniKHited wiili agrieul- 
tunil work, have llonrished remarkably in the lusi forty years anil 
have i>econie of very' great impKirtancc- They owe their most im¬ 
portant progre:!^ to the aiil of mmlern biological research. But 
sidui? other iniliu^irjei^ oivcnUirig on organic siib^^tances liavo 

fipning lip and prospered, which w'ere formerly'' entirely unknown. 

A lively interest attaches to the chemical application of wticwl 
which has not only allowed a particularly profitable nsa of our 
forests, wdiicli is coining more and moixj into evidence^ but hujfi also ha I 
to a siiiiple siiparalioni almost analytical in its nature and carrietl cut 
on a large scale, of the coniponenLs of ligoiiic. one of whicb^ how¬ 
ever, the inenisting iiidlinm^ remains in thb day a cheuneal enigma- 

The extraction of an almost pure cellulose from wood has phictKl 
die paper industry on a new footing and has obviated the neressity 
of our limiting tlic prixlnction of printed matter for want of paper. 
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It hasi letl niso to tlie di^Dvpty of a niimber of otlwr useful applica¬ 
tions of cellulose^ of which I will menlioit only the prcparatiitiii hy 
vnrjoii& tJiethcHl^ of new artificial textile fUjors armlogoii^ to silt 

Wood can he worked eheinicnllVt liowerer, in ntiother way than 
by the reparation of ita content of cellnlose. I refer to the process 
of dry distillation. The very priinitivo preparation nf carbon and 
w^oimI lar of the old days has develo|Tci:l durinj^ the last forty ycor? 
iTitu tho Tory highly perfected ail of wood distillation, whh:h hftj^ 
obtained most unpoFtatit commercial rciniltJ^ with decomposilion 
products formerly entirely neglected—methyl alcohol, acetone, and 
acetic acid- Tlie attempts, first without result, but later crowned 
with success, to free the ligneom^ acetic acid from ihe empyrcnmaUc 
bodies obtained wilh it have reHulteil in tho fact that the gre.iter 
pjirts of our demands for acetic acid are now stippHed by the dis¬ 
tillation of w’oo<L This induhtty* received a still fml her inipeius 
in 1800 liy the hatioihiction of a prea^ei^ for the ]>repnratlon from 
methyl atcoJiol of formaldehyde, the production of which hjjs enor- 
moudy extentled since the extraordinary variety of ii^es to which 
this new' product can be put Ims ticiui rccognizech 

Anotlier reinEirkable merliod for the treatment of wcxhI, fusing 
it with alkali for the pro<luction of oxalic acid^ has not developed], 
ljut nitlier has diininl^edt in importanci^ during liie forty ymim 
tnidcr consideraiioiu It has been replaocfi by tlie Rynthetic metlioJ 
of pn^paring this acid, iL<t well as of formic achb by means of carbon 
monoxide contained in genemtor gaBes. P^orniic acid cttii be pre¬ 
pared so udviintageously in this way Unit it Ls competing with ucetic 
acid in many of itn applications. 

The conmiercial iiLilization of h3’drtH:arhons of the methane series^ 
hi brought out in two industries—the distillation of lignites and the 
refining of petroleimu Both of these indostricfi have shown an es- 
traortlinury Incrciuso in their extent and have dij^played numerotis 
marked Improveiueiibs in their production. ^Vuiong the latter the 
desulphnrsjzation of fetid pcttmleimi of the Ohio type by disidlatiou 
over copper oxide should be considered a techniiisiJ achievement of 
high rank. 

The devclopmeni of coal dbtillfltion and the treatment of tar 
affords a particularly Importani ami interesting example of prog^ 
When this society was founded Gijly one form of distillation of 
cf»al was recogniae^l—its application to the mariufactun> nf illtimi- 
uating gas, which dates from the end of the eighteenth century. 
This distillation was carried on at a low lenipemlura and fiirniidiied 
the entire amount of lar prcxluceih the lar which is so important 
in the roceutly developed ralor iiiilustrj'* In 18S0 the output of tar 
beg«m lo bo lesa abundant, a fact caiiseil not. only by the enn-Htant 
increase in its use in the profiuctiou of lar dyes, but ubio to a great 
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extent hy tbe fnr-rettrlijn^ ef the mdiietiy, whkh^ 

on ncf:f>nnt of extended njid ingeniously interpreted expertmenLs luid 
Iwn develope^l into an entirely ne^ proceiw, cbarncteruied by tbe 
employment of high temperntiiiTO of dlidillation. The momentary 
eaiharra^ment which fell on the dye industry led to the ercntioi], 
far-reacliiug in its eonsequenees. of a new industry—(liHiillalion for 
er?ki% wbicli saves from destruction the riches conUiintHl in ihe by- 
priidiict^ of coke manufacture anti w^hidi f^cc^^ for a long time ilio 
dye industfrom any lack of raw mnteriaLs. 

Among the products derived from coal tar may f>e menlioned 
untlirat^eneT earbazol^ the .x^dene-s and the cres^ol^j coumnrone and 
pyridine, siil)stflnccB whoso ^stematk manufacture is only forty 
years old and which have found a steady commercial application. 
Of many of tlio other of the tar derivatives^ some have been only 
recently dis^jovered, while others have been rendeix^ moi'c available 
tlian heretofore. 

It is to the improvement in its methotls of operutiont rfspccially in 
the apparatus* that (he indtuniy^ of tar dLsUHation owes ihc tliorotigh- 
ness with 'whidj int products may tie separated from such a complex 
mixture as iroes to make up tar. Column still.^* filter pm^sef, iind 
processes such as vncuiim distillation are the tneaiiit which have 
ctiahJcd tlie nioclerti tar industry to attain its present pusition. 

TJie most striking example of nn industry working hand in hand 
with scientific re^jcardi, profitatdy applying all its results and bi¬ 
ll ucucing them in its turn, is afforded by the manufacture of conhtjir 
colors. It is almost impossible to touch iis lh€^ few w^ords on the 
most important stages of the triumphal progres.^ of ihi^ industry. 

We may say that the foundation of the Gerinjin Chemical Society 
was coincident with the date when the newly founded color industry 
was €iniiuei|>ated from empirical methcHls and turner! toward scien¬ 
tific synthesis. Tlie first greut succor obtainetl through this ag?ency 
w^as the creation of the alizarin mdustryj whi>sc Inter development 
htis sarpa^ised all expectations. The recognition of the close couiiec- 
tion between constitution and properties of coloring matters found 
its practical application in ihe introduction of tizo dyes^ wdiich not 
only brought into the industry au cxti-aordiiiary variety of colors, but 
amistomed the dye dieud^^t to develop almofi quautkative mrtlioils 
of work. It] the group of phllndeins were fouiul not only sonuMif the 
mt*^t striking coloring materials^ but also some of the most permanent^ 
thus refuting the theory, not proved? but then ciiireiit, thot artificia! 
colors were ephemeral in the same proportion tliat they were brilliant. 
Equally permanent dyes were found among the eurhodiocs* safru- 
nines, oxazines, induliues. and thlonine^i, llio attidy of which k m 
intimately bound up in that of niirogcii rhalns and the joining of 
nuclcL The discovery by a mere chance of a fast alizarin blue, so 
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iiiipcirtunt from n tE^rhimlci^k-dt fjoiiit of viow, carried in its 

ivukt' great consecjiieiit'Cs for scictitiac chemistry, for the investiga¬ 
tion of tlie coiufHisition of this dye led to a synthesis, cupnhle of 
general apidicntion, of the ilerirntivi-s of quinoline. In a like munner 
the explanation of the rnnstiTiitioTi of rosnniline 'Vas very protlturlive 
in ulUnving iho aiynthesis of niimerous new compoiiiKk. otiiutig tvliich 
nre found some of the uim lH?Hiitiful and valuable dyeing materials. 

The ap|)C‘ui-aTiceuf‘mlstaiuire uzo colors, ami liniilly of those knn^vn 
iis- “ sulpliDnated dyes,"’ has not otx'osinneil the olKiiing of any new 
II venues of scientlhe investigution. I’liese two iiecomplislunetitsT liow- 
ever, are of the greatest imijortaiiee in that they have provided new 
met hulls for dyeing ani] printing and liave completely revolutioiiiaeit 
these two ancient inilnstries. 

Lastly, we mu}’ mention the new clui« of indanthrene colors in 
whieh ore iiniteil clear tints with an hitherto unknown resistance to 
nil tlestrinlive influences. 

It is the synthesis of indigo, however, that we must hail as the most 
hrillianl of nil the conquests in the field of coloring niaterinls. We 
cun -Still recuU the day when the great event in chemical history was 
made public and when erery hand was extended in congratillation 
for this inastcrpicre of sciontifie research. Tlie struggle for a solu¬ 
tion to this great problem ctit-t twenty years of assiduous labor, but, 
once solved, hoiv well the new pnaluel of synthetic indigo has stood 
the test lieaide the tiatiitn] product backed by several thousand vcars' 
use. 

Tiiere is no hope that this indu-strial triumph in the coloring field 
w ill ever lie snrpussed. It is none the less certain, iiowever, tliut thi.s 
industry has not yet attained the limit of its development. Our 
reviews in the future will still record many nchlecements fieuring 
w'itncss to the uninterrupted developnicnt of this mtercsiing and 
munifoM branch of tech nolog)'. 

We may consider the maniifactlire of synthetic meilical prepara¬ 
tions ofT an ulTshout of the color industry which sprang up in ilie 
period we nre nra.sidering and which has already earned a ixisltion 
of its own. What brilliant results have lieeii awomplished in this 
field, also. hat a beautiful gradation of development from ctin'i- 
plcx iiLsnfficiency to siniph' perfection can Iw w itnessed in comparing 
kairino and thalline on one side and antipyrine. phenneetine, anti ns- 
pirine on the other, ItTiat a progress in the regulation of physio- 
li^ical functions is evidenced in ehlomt hydrate and veronal. What 
pains has not sj-nthctic chemistry soothed by its activity in this field 
wlmt ills b^k^ mil it o^sufigi-d. 

The indnstr)' of artiticia! medk-inea ia tmly one of a vast eirdo of 
varied activities which we are in the hahit nT grouping together under 
tlie collective term of prcpanition industries. To properly appreci- 
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iite this imlufetry with a!J iu rauulicaiidiLS is iiii[>Dsglbie. Nevcrtln^- 
Icss \ can n.GE help ciitmtioniiig the uppi^khie growth of u bnmdi of 
this intlu&tr^' which is ulm^t tis oJd ns this society. Tins b the 
run nil fuel HIT of chenvicjil proilncts unil prepiinitions far photogtapliy^ 
whose expansion has rlosely connected with the deirelopinent of 
sclentilie photocheiiilstry anil with the inti^nction and popiitaH^n- 
tion of dry idiotographie plates with tlieir proper processes of de- 
velojanent. 

Hoi less interesting are the dieiuicul mid tpchiiiciil nsjiects of the 
fH'rfiinies newly cra^tefl ami develojxHl during the lart forty years. 
This fidd, which is completely ilevelopeil along its principal lines at 
the present diiVt wns still unexplored at the time when the German 
Chemical Siociety was foiitulcd* Its expansion is reflected more com¬ 
pletely in the pageri of oiir transactions than anywhere els^s Step 
by step nature has been biiitiitec:! in its creations^ nnd in this held 
l>erhap&i more than anywhere else the >:ynlhctie dieinist has taken 
paths whidi follow lhost‘ of riattiiT- 

Among synthetic industries we should count the technology of 
explosives, althongh here it be matter less of constmding molecnlc:^ 
than of aforing up energi^ in a fonn easily Jibeiated. Ijj tills itidus' 
try grciiL progress ha^^i Imto rcconkd* almost all of wdiidi depends on 
the utilization of the facts exprci«=cd by the laiv of SprengeL ex¬ 
pounded about forty years 11^0^ atid on file employment more and 
mom of .^fe explosives whidi can ix) detonated only by an initial 
ignition, in place of bwlies themselves explosivje. The pCKssession of 
Biich explosives and the application to the plienmnenEi of explosion 
of iiaHiem metiKals of oljcservation have alone made p&^Hihk the new 
orientFJtjon in ballistics^ wdiitli is well known to oil of ns. 

If wo cotisklcr all this teclmological progTCs^ that T have mentioned 
and much more which I must refrain from describing, w'c must agree 
tliat as far as upplicutious are considered our science has reached a 
high state of doyclfipmcnti But just os scientitle rCi^carch, in i-pitc 
of the ahiindaiict' of n'^^iilts, ntill presses fo™ari 1 , so will technology 
not stand s^tilL but will continue to attack morn and mom difficult 
problems. 

V\licn this society wui? founded there wa.s already, it i« true, a very 
well-devdoped series of dietoical iiidustriesi^ but ill dr activities were 
limiteti almcL^t entirely to the extraciioUj piirificulion, aiul tniiisfEpr- 
Illation Ilf nEitiiral products. An industry operating synthetically 
on a large scale is n developmtmt solely of the last forty years. To¬ 
day we arc striving for even more lofty entls* lYe have dared to lay 
a hardy hand oven on the gj-eat processes of nature in seeking to 
influence them according to oiir needs. It is this that we beliold in 
the great factories where ninny are striWng to utilize the nitrogen 
of the air, iMany methods have been proposed to aUaiu this end| 
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the TOmbuelion of aitrogCE to its oatidts nnd Uie ininsforimtioii of it 
into cyanogen or nttunonuical compotiuds have been used. All these 
methods are practicable and will all probably be prodnetive of 
results, WhiA of these results will be the most important it is for 
the future to decide- In all of them, however* is this characteristic 
-they do not rob Nature of Ita amassed treasures, nor do they 
wish to imitate her creutlotiat they aim merely to assist her in one of 
her greatest processes, the circulation of nitrogen. If we succeed in 
influencing this phenomenon, we will also in u measure control that 
other which is so intimately bound up with our fortime or nusfor- 
tunc, ^e TOu^ of life. Wo will force the earth to greater fertility, 
to an iiicrisajring Ufibitnbility, 

In such u ta^k Nuturo her^f >:hould bo otip Th^ savugfe force 
of the water which falls from above carries out the chemical work 
which We call upon it to jjcrform, and a day is Iwginning to dawn 
when it will be not only a pretty met&jihor, but one of peculiar force 
and meaning, to speak of tlie fertile influence of the brooks which 
ripple down from the mountains into the valleys where stand the 
habitations of men. 
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From tlie tiiuu of tlie Invcmtioii of gunpowder, or approximately in 
the year 1250 (Ro^r Bacon at any rate knew of it in 12^), until the 
U^nningof the ninetiM-nth century no other explosive was introduced 
into practice, although picric acid ami fulminate of mercury were 
known alwut the latter date. Experiments were carried out by La 
Blond in liSfl in tlie French Governiucnt factory at Essonno to pro¬ 
duce ^npowder without faiilphur, and a Britisdi patent for a powder 
coiitainitig *‘cmI Iiresses” and without clmrcoat was taken out by De- 
Inynl in liGG,^ but that was i'll!. To 1 (88 Bt^rlhollet and Lavoisier tried 
the effect of lidding ^tasNiuni chlorate, and in ISGl Designolle made a 
powder from potassium plcrato and saltpeter, liut without much stn^ 
c^ In 18jG Schocnliein invented gun cotton, and Sobrero in 1347 
nitroglycerin, but the Austrian Government, which was the only one 
to try giin cotton in guns, stopped the experiments abruptly in 180T, 
their magnsines at Ilirlenlwrg having blown up, and,'curiously 
enough, it is not until tiiat date that Nobel licgaii to work on d^ iia- 
niitc. About Uic same time tlie British Government began to experi- 
nient with gun cotton at the point where the Austrians had left off, 
ami introduced it as s blasting agent into the service, their example 
Ireiiig then followed by other governments. In 1873 Sprengcl made 
his well-known communication to the chemical society “on a new 
cliw of explosives,” which has since lieen named after himi and in 
1878 It was again Nobel who invented blasting gelatine. About 1864 
Abel wnd Doctor Relltnjr^iiif Woolwidi made a granular gun- 

jx>wdgr from pm cojl on^ ami iit the same time? a sporting powder 

“Seprmtwl, 1>y pgrtalrelon, will, ahrKUmieni by »!» antlior, irem Je.i™il of 
Society of ArtB. l^idnii. Xn®. auZT.fflieft. SWJU. Vol. LVH, tteecmlior 25, 
1008, jRHuiirj- 1 and s, 11)00, nii.l from voiooie -Tli.f MuDDfUrttire of 
Tnvnty Vrere' PreRrt'w" Wbittolsgr & Cta.. London and 3Ccw York. lOOW 
•Hinuiflit Deluvttt, Hniloh piiteat 34ft SJfl, of 1700. 
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frpm nitratKl Tvood^ ibc Sclnillzp powdt^r, was inlrudtioeJ* Lnter on, 
in ISSS^ Keid ninrle p* 3 iins 5 of soluble gun i^otton, imcl liiirdened them 
hy means of ctlspt* nit-oliol, calling tJio product E- C. powder/’ In 
the third lecitire referencf? will lx? tnadD to the iruportont smokeless 
powder of Friedridi Volkmmm made in 1870* 

Sueh was the blatfe of tlic iiri in ISSC, when simultaneously Eugene ^ 
Turpin, of Paris, suggested the use of ram prefixed or molten picric 
ticid !is a charge for shells, and A^ieille carried out his famouii experi¬ 
ments^ resulting In the manufacture of the Poudre 1) (so named after 
General Boulanger)* At the same time it was recognised that most 
ex|ik^ioiiB in coal mincfl were due to the ignition of fire-damp by the 
firing of shots, and flmt it was posriblo to make Si>called ^ safety 
esploaires/^ which would coiisiderably reduoo this danger, 

Ilereaftcr investigations and mveniions camo in almost too rapid 
succossion. Unfre^'S^ablo dynamites, dinitroglycerin esplc^ivea, picric 
acid ram poll ndH and irinitrotoliicnc explosives^, fulnunaleas from aro¬ 
matic nilro-cotnpounds, phlegmatixed fulrnimite, detonating fuses, 
and many other varieties were inventel. MtrCM^Htilose, than which 
there is hardly a more complex substance, wai? investigated by Ctms 
and Bevnn, Ilaiisermann, Lunge, de Mosenthnl, Vignon, Will, and 
others; the jrtahility of nitrn-ranipoundi^ tho properties of nitroglyc¬ 
erin, and iiinny other subslonces mvestigated by nn army of workers* 
In fact, f\miQ ns important results Imvc lieen obtained since iSSfi aa in 
the wdiole of the previous years. Thk is dn^j in the first instance, to 
the enortnods amount of scientific research and experiment devoted by 
manufnetuTers to tlve ? 5 tiidy of such questions* partly Ijccsmsc they were 
forced to do so by conaiderations of natioiml defonbrc, the advent of 
the rock drill, iind by competition, and partly because those who 
lacked the traioiiig for such research rauld U‘ i>ersu[ided by ilic tesnUs 
achieved to appreciate the work of others* WhiLt until a generation 
agri the so-cikll(si powder mokef-' was n craftsman, who carefully 
guardeii little tours-de-main as valuable trade secrets^ and even the 
inventors of high expltjsives had to advance in a most empirical way, 
it b recognixed nowadays that only the best acientilic knowledge can 
effect improvements or keep in line with moilern developments of the 
5ndustrj% 

Bliilst for w^arlike purposes the use of black powder* and even that 
of the later brown powder* has liecome a negligible quantity, blaMing 
powder is still sold to sudi an extent tlmt hi the mines and qiiorries 
of this rauntrv' iiloiic nearly 7,000 tons of it, or more than hulf the 
total weight of all explosives, were used in rjOT** This of course 
represents only part of the total quantity manufacture^! in this conn- 
tn% since 3,51)7 tons of gunpowder of all kinds of British and Irish 

■ ItoTwrt of Uis iDsiJcetora of for 1007 . 
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piKiduction wen? exported,* Jind a pood doul was used for ruilwityfl, 
roftda, etc, 

Tliero lias boeu practically no progresst miide in black powder 
witbiu the IftFt twenty years. Brown powder, wliieli, as is blown, 
containetl slack burnt cbsrcoal imd a small percentage of sulphur, 
greatly itnproved the shooling of large guns, but has gradually 
given way to sniokelefs powder, even for the very largest guna. A 
little black powder is still used as a primer for large charges, but 
even for that purpose it will gradually be replaced by specialIv 
prepared Binokelesa powder. There are still some old sportsmen 
who prefer to use nothing hut the old fine lilack H|>orting powder, 
and Ibis is more especially the case in reiimtc parts of flerniany, 
,ibt,stria, and Itidy, whilst in tlio United Statts of ^Vtnerica profes¬ 
sional sportfiiiien, i. c., thois? W'ho shoot wild fowl for the market, use 
black powder because of its cheapness. TheiV! is a oeiiain amount 
of competition going on in this quarter with Emokelcss powder, 
and manufacturers of bbek styirting powder are thereby obliged to 
make spticial efforts to prod .ee material of the highest’gradc only. 

I’he enonnoiis deveiopt: ut of the German jmtush industry, arid 
the peculiar rcquininients of potash and salt mining, have a'ho re¬ 
vived some rough mixture of bluck-pfjwder-likc explosives, of which 
very large quantities arc now (sold in Germany. 

In America, .also, targe quantities of black powder made with 
BOflium nitrate arc used, Lnlmr there is so eipenstvc that work is 
done with this cheap explosive which on this side of the Atlantic 
xvoTild 1 >L‘ carried out with jack and shovel. 

Progress of a different kind hoa been effected by using ammonium 
nitrate ns an ingredient in a powder mixture. This also was tried 
in Fmnoe in the eighteenth century with but. little result.* Amide 
iwwdcr,' however, made l>y the Ivoeln-Rottweil works, and con¬ 
sisting of -10 parts of jaitnasium nitrate, 3 fi parts of iiTnnioniiim 
nitrate, and 22 parts of chai'coal, might, ljut for the advent of smoke- 
les,*; powder, have iKicome n sari on a rival to black pjwdcr. llaycr, 
of Felixdorf, in Austria, also worked in this direction. Tlic Aus¬ 
trian (rovemment makes Wetter-Dynammon n.s an explosive for 
fiery niiiie,s, which, according to nxer/ consists of 03,83 t«r cent of 
ummoniiim nitrate, 1,03 i)er cent potassium nitrate, 3.77 jicr cent 
charcoal, and 0.42 per cent moisture, the charcoal grains being 1 to 
(i p iti aim. 

Trlmtu fniniiiiiiilcfttTaiL 

"'TmUtf de S'art iJd fabrlqiiur la iiiondn? & <,^afsn/' PorK 

aLOI 1-r 

nrHf^h itateml Sq. mi2, of iSSTk, 

^ dtn l^bubldgliieiioa C5GW4?rh<!iuiiaeuiii»,*^ Weio, IJXw), p, 
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F^rfclic^r progress^ aUlmngh seemingly 51114111^ bniii bcwii hiucIr 
in poTTrlrr for ^^iifet j fu.H<sa, Formerly il w as not. uncommon to 
the isiflbigs from mining jXfwder for mfuiy but the prci^cnt 

titringeuL rwjuirenicntiJ luive compelled nil iminiifactiirer24 lo make 
a apecinl quality of fti^e |KJwder of constant tonipositioiij denr^ity, 
and unifoimity nf gtnuulation^ in spite of itis almost dust!ike cliar- 
aclor. 

1 ah fill Iviy l>efo):e you Inter on sotne Informaiinn concerning safety 
explosives for ihry tiiinest and, tliereforCj^ will only mention that in 
even' European country the nso of gunpowder is prohibited in sudv 
workings, CoiLsideraldc surprise was tlicivfore felt when sevend 
black-powder-like mixiurcs passed tlie offi<*ial test for perTnitled ex- 
plosi\"e 3 in this country. Latcr^ when these teats weri? made more 
riginauB, these explosives di.sappejLreii, but one of thetJi!, bobbinite, 
passcfl even the moi'e stringent Lests^ and is still on the new Ibd of 
permitted explosives. 

Complaints lui’^ing' been made as to the alleged danger of IwbbinUe 
in liery minest the home office appointed a departmental committee 
in IITOG to mvc^stigiite the matlerj which came to the eondiisEon that 
tlio use of Ixibbinite slionld not for the present re^rictcd * The 
importance of this explosive may be gaugeri from the fact that over 
a mill ion potmdfi of bobbiiiite were used in iWi in this countrj'. 

With regard to machinery uE^d in the matinfaetuce of black powder 
and similar mi.xtnn^ tliere has, of coui^, Ijcen very little improve- 
nient Mixing, gmnulatijig, and glasuig are slill carried out in the 
same way* and for llie pnrpase wliicli they hiive to ticcomplLdi tlie 
machines do flll that can be detlrcdi A gocHl deal of ebonite wn-s 
formerly used in connection with timehincry for black powder, siidi 
us for plates in cake prig's, for lining tlie hoppers of cutting ina- 
chities, etc. In <ruke presses there 111*0 alternate layers of [Kpwdcr 
containing sulphur, and of highly insulating ebonite, which remain 
together iiiidtr preb 2 !ure for some time. It la u rule in explosives 
wnrte tluil at the approach of o ihunderstorni the w*orkcHi leave their 
hnu^, and it fre(|uently found convcniont, meanwhile, to leave the 
charge under pressure. Tliis would pnictically con-stitutc iin electric 
pile, and as a matter of fact several expkisiuiLs have oeciirrcd when, 
lifter the thimdcrsttinu. the workers opened the prii\sse 3 ^ In one in- 
frtanec, at least, the fact of a long spark hnvijig (*oine out of the charge 
could 1 x 1 eUeited from the attendant bednre his death. 

Following 0 siiggej^tion made by llie author tw'enty years ago^ a 
number of factories have subnlituted plates of fiber for these elHinite 
phdea with great success. 


* Ri^xirt of tilt rHiairtiFieatal Commit tee on Bobblulte. iJcmUtsn, 1007 . 
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(lilonite iiuxtiirt^ hjive ni nil tinn^ fa.sciufitL'd inventore on oLTount 
of x\w lorge nnioiint of oxygen stored up in potni?s?inm chlorate, which 
enn t>e given off so readily. IVhen Liivoi.^ier am! Bcrthollet tried to 
liiakc II chlomte powder in a sdiamp mill in 1788, they made a great 
show of it, and even two ladies were present. Unfortnnately after 
a certain amount of pounding the |>owt1er exploded and killed on 
idlieiol and the daughter of the government commissary, who assisted 
at the experiments. 

Ill this country we have for a long time reframed from licensing 
any cx)doifive contaijiing potoHsium chlorate^^ becauye such are ^ 
sily exploded by itupart or frictionn. With the advent of electro¬ 
lytic methods for the maiinfacliire of chlorinet potassium cl do rate, 
and the like, chiomte explosives were brought within ca'^y reach of 
the trade, and in fact the present price of eleetro!}^tic t>otns: 5 iuni 
chlorate will under certain conditions permit the ecotiDUii^^tal manu- 
facture of suitable esploaives. Heiioe grt^atur elTorts were made to 
render eh Ionite explosives more stable, so as to pass the home oOlce 
test^ and ultimately success was attuiued by the addition of some t>LL 
It.s fuiiLlion iss evidently to so liurround the puta^lum chlonite that, 
when nii.xed with aurbonnceoiis matter, it becomes less Hejisitive* 
The addition of greasy mailer to elilorate espltisives is not at alt a 
new idea. In ISIliT ill reedy F. Hahn added spennaceti to a gim- 
powder conlaining chlorete,^ However, a practical explosive was 
ultimately obtained in dieddlte, patented by ilr. Stm>t,* and so 
called bc^iise it was first made in Chedd^ in Switsserland. Ttie more 
u-^iial variety is known »broad under the nurne of cheddite GO bL«, 
anil composition la SO parts of potassium chlorate, 18 parts qf 
fiioiionitronaphthalciie, vt {mits of dinitrotoluene and 8 parts of castor 
oil, whilst in tins con Jit ry the proportions of niononitronaphtlialene 
and diuitrntoluene are rever^etL 

It is interesting to ql»^rve how the same old mixt ures aro proposed 
over and over again with >i|ight alterations only, in order to qualify 
for a patents l^otassium chlorate with some carlxinaccous matter 
like charcoal, sugar, starch, glycerin, flour, or s^HJleliTlles a vegetable 
nr mineral oU and the like occurs again and again. One patent is 
of special historical interests since it proposes the m^o of " ^Inlllia 
as aji ingredient. The patehti'cs ciune from CEdifurnia, nn Kngli;?h- 
spt^nking country, and tlierefore it might Ije supposed that the name 
wus not unfamiliar in England, hut this apjx^nrs not to la? the case. 
1 nH!ollecte<l, however, a passiige in Roger Bacons ^ Opus 
as folloivsl ilalta, qua? est genus tntuniinis et cst in mrigria 

copia in hoc mnndo, proiecta sii[>er homineui armatum cuinbuHL 

^ British patent No. tHiO, of ISOT. 

^ UU ^0. i^aro; of iJstiT. 

<^tjiilab>\ ^liorjia rtnil UrltlaJj r'attijt No, 4T?tl, of llUKl 
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Glim —(Thus MrtltJi^ which is si kind of bitumGD^ niid exibis in htrge 
qimntitles in this world* when thmwn on an iinnor-elEid niftiit hnrns 
him to death). It. seems, therefore^ that the Mayffow^ toi:pk with her 
some Oh] iYoHd expressione and iidsiptcd them to the New IVorld. 

The latest suri^ris^ is thsit in 1W8 ii cldornU explosive hns Wen 
licensetl os a safety explosive in thi?* a hi til r^' iiiider the name of 
^colliery steeJito;'- it coiiisists of T4 parts of jxitasBiuxii chloraiet 2ij 
puti-H of oxidized resin, and 1 pari of castor oii. 

The doidroJj'tie chlorine industry lias also made pois^ible the iimmi- 
factiii*e of pure pcrcUIomtcit, and more especially of QUiumuiujii |jer- 
chlorate, whicli preseuls many advantages, aUhongh the object ion 
lia.s been raiscil tliat explosives containing this ingrcdieiil 
fumes of hydrochloric acid in the mine* 

Another class of explosiv<ss, which was from lime to time used for 
ordiiialy blasting purposes, and of which very little has been heard 
ill Uiis country* ate the Spreiigcl cKplorivcs, Yon have all heard of 
rackartKik* which was employed in the blasting of the Hell (liite rocks 
near Xew York, Until the last decade it was iiardly uwl auywhi^re 
except in America, luit cm bnilding the first Chinese railways the 
jVmericanH were «blo to introduce 
A novel iiigrcdicMl w as ini roii need by ^^'inatnl * wdm mixes tetrani- 
treunethune widi |jetrokmu nr other earbonatcoiLs matter, 

A new^ departure was made in ISttS, when Dr. liicliard Escales, of 
Munich, invented the first aluminimi explosive. There were only a 
few early attempts to utilize light metab in esplodves, until Ewiles 
showed that Uie addition of aluiidnum or magnosimu very fOO-'iider- 
ably increaBcd the tempcFatiirc of esplosion and thereby the explosive 
force. His explosive was patented under the name of ’WenglKclTer,*^ 
and is now, I Ixdieve, mannfitetared, together with a similar dxpitteive 
invented indepcBdeiitly in 1900 by Ititter von Dahmen^^ and since 
knowm under the name of “ammonal'" 

Ever since aluniinitm has been taken as an ingredient In almost 
any kind of explosive. Theoretically it w ould be of very great value, 
bm in practice the high price of aluminum powder and the ^Kissi- 
bilUy of oxidation under suit*ible conditions have souiewhat militated 
against it* It is, howeverj used io Aiistria-Hungan' for tilliug shelki, 
for which pnrfxjse ii seems well suited, not having given any trouble 
during ten years of storage, although I aiu tokl they soniotinies fail 
to explodcp It is al-w on the sfierial list of the British home oflice 
as an explosive for tiery piiries* 

«Karfllr tlatiftnrl^ micNaroek liEtuitLii^ pi.wtk-r**’ " lut^cn!^ 

e^let kiJilCnre,'^ loQtt |i. 

B tirUleU tiatfcDt N<^ L’UL'tU* of iijol, 
i9f)ftttvlj {Riitout X(x ^^311 of isoa* 

Nu. 102 X 7 , of 1000 * 
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OHn?r metals DiigUt have a siuiilnr or even a better effect than 
alimiiniiiiL Thiiis in lOOQ alrt^aJy Desire Korduj wf Paris, and tlie 
author have con!-:ii|ered the possibility of using ferTO-sUicoiu In 
addition to tJin abo Vermont ion ed metals, the uso of iron. siJicoji. si J icon 
earbitle, seine and its alloVi^f cop[>er, and also the rare metals has liecti 
patented* * 

In his patent of 1871 on the explosives iK'iiring his name.® Prut 
ITenniinii SprengeL F« 11. S*. said| Jwomingly ^ iUmnt reference to 
the rest of the patent. ^ 1 also employ picric acid/' but in his famous 
JectiiTo delivoretl in 187^1 before the Chemical ScM:iety he said dis¬ 
tinctly: Re it noticed here that picric acid alone cEintains a sulH- 
cient amount of available oxygen to render it^ wUhoiit the help of 
foreign oxidizers, i\ powerful csplosive^ when fired by a detonator. 
Its explosion is aliuost unaccompanied by smoke.a matter of 
fact, Spnnigcl did fire some shots with picric acid at Jlsfssrij. John 
Hall & Soils' factory in Farersham in ISIl^ but wa^ not encouraged 
by ihe service to pursue hiii exjwrimenU. 

Nothing further was heard of picric acid until 1886j when, as tnen- 
tioued before. Eugene Turpin, of Paris, showed how to compress or 
melt it for use in sliells. The French Jst^rvice used picric acid* mixed 
with collodion to give it greater density^ under the name of melinite. 
Jjater on it wa&5 compressed, but ordinary detonators failed to explode 
it with safety, and the expedient dovish by Allierts and the author 
to use a primer of dry guti cotton was too inconvenient. The picric 
acid has therefore to be melted, in which Etate it can be more readily 
exploded by detonators^ and has a density of a3x»ut 1.65. Picric acid 
mel U a I C., and must llicreforc l» chlicr healcil in an oil batli 

by liigh-prcssurc steam or in a special “ stove.” if el ting it at such a 
high temperature is very inconvenient ond ift not wiihout danger, 
hence use was made of ihe well-known phenomenon that a mixturo 
of two aubstances of high melting points has nearly always a lower 
melting point than that of either of its constiliieuU. Girard* has 
given a long list of the nielting points of explodve mLviures of this 
Irind. 

Almost every counlry has adopted picric acid os a disruptive agent, 
under a different natuis and differences? in com[KK^itioij consist merely 
in tlie additipii of an ingredient to reduce the melting point. Such 
additions are nitronaphthalene, camphor, tiinitrotoliicne, etc,, and 
the names are melinite, lyddite, pertite, shimosc powder, picrinit, 
cc^^l^iit, et(\ 

Besidesi having a high melting poinb picric acid is inconvenient 
in other ways. Left in cotilact with metals or oxides it forms very 
dangerous picrates, hence the ncces^^ity of varnishing the interior of 


-lUtlNi jHitcnt Nil. or ISTL 

* III, ^o* uZ liKJic 
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shpll:^, giving ^[wpial jirotixtlui} to the priiuera. and gPiiprtiUy Uiking 
the utmost pct^iitioti to jjravftit jumstss of foreign bodiei} while the 
acid iu iu the molten state. 1‘icric aeid has an in tensely hitter taste 
(which is still more protiouneed in tho inky l>lack smoke of burning 
picric acid), and then^fore its manipuhitiDn is tiot very pleiLsant, It 
also imparts a fairly fiOjt yellow coloration to the skin, which in some 
parts has procured tlm nirknnnie of “ canary birds ” to the worker® 
in picric acid. (I have found that in one fachiry common salt was 
used for renioTing the yellow coloration from the skin, hut why it 
should do Eo is not quito clear.) When used together with other iiia- 
terinls it must tw remcmliered that, being an acid, it is liable to dis¬ 
place other acids; for instance, it sols free nitric at'id from nitrate®, 
and therefoie ivhila picric acid might Ije useful for increasing the 
power of certain explosives it would actually ileconiptse thejn. 

In order to obviate these dniwbueks Han If had proposed the use of 
trinitroresorcine * * and the Cltumische Fahrik Griesheim that of trini- 
trubenzine'^ and Irinitrobeiizoii; acid,* These siibstancea were not 
favonibli- received, but trinitrotoluene has w'ithin the lust few yours 
come very much to the fore, and also po®^'a!s a great tiiatiy good 
qualities. Its melting point varies between T2“ and 62“ C. It may 
be handled with almost perfect safety if pure, does not give otl nox¬ 
ious fumes on melting, is quite stable, docs not enmbim; with metalF, 
and generally has no acid properlies. Like picric acid it is only 
slightly soluble in cold water. It is slightly leas iMnverfnl tlian picric 
acid, which is rather an advantage, since the latter fi'erpienllv pul- 
verisea a ±dtel], instead of bursting it into a inimber of fragments 
sufEciently large to have dcstruetlve effect. TrlintrfHoluene is very 
easily detonated. 1 hoTo Iwen able to exphale it in the form of pow¬ 
der, with a Xov 3 detonator only (0.1^ gram of fulminate compo¬ 
sition). 

Trinitrotoluene has been introduccfl into the Frencli sen'uje under 
tlic name of tolite. The Sp;uilsli Government call it trilit. The 
carbon]tc works of Schlebnsch are introducing it into other derrick 
under tlie name of trotyl, and klessnt. and W. Allendorf, of 
Sclupncbecb, under the name of trinot, whilst other factories retain 
tlic tiuuie of trinitrohdiiol, 

Tlie manufacture of trinitrotoluene b carried out in stages, like 
that of most aromatic nitro compounds. Great can? lias to lie taken 
to purify the toluene, since that usually found in commerce contains 
lx?nzine and other compounds. Nitration is effecte^l in enamch-d 
iron vessels, and purification of the higher nitrates, which cuke to¬ 
gether during nitration, has to he performed with some cure. Wash- 


* Drltlflh patent No, OTOS. of 1S£H, 

* rSk^miaa i*at™t No. 7SM7T. of ISUa, 

* W.. No. Tuan, of iSJia. 
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iug IS usuiilly toiii|jleted ill centrifugals. In ocdirr to qbLiiin llus In'^X 
quality, molting Ixitwcniii SP and 62* C., trinitrotoluene made fniin 
purified toluene, and Laving a rueltiiig point of 77® to 70° C, 
reerysftulliKOfl froin al^'ohol in viietio^ Tlw machinory for effecting 
this is not very eompIiciitiKlT but always fjpeciDlly designed. In tliis 
country alcohol is sfimewbat dear and inconvenienl to use, in spite 
of facilities atforded for obtaining it duty free, and petrolennl Ijen- 
?Jrio is therefoip employed for recn^stallining tbe trinitrotoliiene; it 
is said, Uoweven that a slightly darker color is imparted by Ihta 
metlnxl to ilia pixnluct, to which objection js taken in some coimtrje?^ 
llie density of trinitrotoluene when looi^ie Lieing LaO aiul when 
nitplten 1.000; lueaits have licen deriiFied to increase it^ KudelotT '^ oIh 
lains a density of 1*65 to Lt^O by nuiking a plastic subijiance fruin 
irinitrutoUiene ntid pcat^issiiim ehlonile with a gelatine made from 
dinilrotoluetie and soluble nitrocellulose. Bichid makes a plastic eom-^ 
pound with collodion cotton, li<|uid dmitrotohicne, and larch turpen¬ 
tine, calling it plastrotyl,^ Allendorff mix the Lriiiilrotulueiie, 

together with some lead nitrate or chlorate* with a gelatme made from 
dinitrotolueuo and iiitrocellulij$e, and it triplastit. Tliis is au 
mproveineul on tiu^ way the Fi^iuch Govenimcnt made melinite with 
ixilloilion, or Wolff & Co. filled g^n-eottoii slabs into shells with 
paraffin wax. Bichel ajfjjo tuclls the tniutrotohieiie, and after finst 
lixiiaijstiiig all occluded air, compresses it by introducing comprcssiccj 
air above I^ichcl has in this way obtained densities up to 
Kudeloll presirtis it in hydraulic presses under a pnjb^surc of 2,000 to 
3,000 atniosphercsj ivhereby it obtains a density of L7, and can be mit 
and worked like gun cottom For the purpose of facilitating detona¬ 
tion, some loo^ trinitrotoluene is used as a primer. Trinitrotoluene 
is also uj=od in detonators, of which further meuiion will be made 
laEer on. 

jVntither new eitpkjsivc for ftlUng shells U used in Spain under the 
name of tetnilit.'* It is said to lx* made from tctrimitTijmethylarninej 
and to be more sensitive than trinitrotoluene, but very little else is 
known. 

During the Inst three or four years newspapers contamed accmints 
of triaD with a new explosive, at first call^ vigorite and now bava- 
rite, the inveniion tif Profe^Esor Schtih and Hr. Ochre, which k said 
tf> coifl. only one Ihird aa much as other explosives, and to he ever so 
much morn |>oiverful On cxammiiig the patent -' one finds that this 

Zcllsclirlft far (las S€>iiuimte ScIUl^w- yml a|inajirfltoirwesii-^Ti/‘ lOOT* iv 7, 
^lirlllali liHttfal Ku, of lUOfS, 

111., X(j. iiTiir^ of Jim. 

^**ZeltscliT!ft fUr daw pL^mte 6cLl«ai[i- and laos* |i. 
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iiiiriLtcd vent imphthii. It mu^t be euibarra^mg to the inventors 
to iiiee such improbable accounts of tniiimfacturiiig costs and esiigger- 
ated effects produced by the explosive jiublisjied in newsjjafiers. 


IL 

T have mentioned in my previous lecture that Sobrero SnTcntcd 
nitroglycerin in IMJ. It is known that, olthougli he recogiiiKcd the 
value of this invention for civil and inilitjiry blasting pui-poj^j poe¬ 
tically no Mfio wtts made of it until IStiTj when Alfred Nobel invented 
dynamite, und was not deterred by accidents Knd prejiidico from 
introducing it into the service of mankiniL You know Ihat before 
this time ilowbniT, In iMassacUuiictt^j maniifactiireil nitroglycerin 
and cTirried it into tbe mines in the frosten state, 

NolM-d demised processes for the manufacture of nitroglycerin on a 
large scale, and the machinery for it was conidriictcd to his ideas by 
bis lifelong adjutant, Mr. Alarik Liedbeck, of Stockbobn* Since 
iliere is a full description of all the apparatus in use in my book on 
The iranufaclure of Explosiv'^es, wldeh appenrod in 1SD5, I can con¬ 
fine myself to dealing with progre^ made bince that date. You will 
find described in this book two kmd& of iippanitus for nitrating 
glycerin, sudi that liava a helical revolving stirniT for mixing pur¬ 
poses and h'ucli tlial are agitated by coniprc^iscd air* Occasionally 
boiU inecbanical and compret^sed atr stirring are One has learned 
in rime to control the operation of nitration more efficiently, and tlds 
inspired confidence to increase tlie jo se of the appamtus, I Ifelieva 
the laigcs^t apparatus made in lead nitrates 680 kilograms of glycerin 
at one operation, while in America and South Africa steel apparatus 
with mechanical stirring gear are mostly some nitrating 1,000 
kilograms at a time+ In one United Htjttea works they have gone so 
far sia to have four s^uch steel nitratorSr each for a oharge of 1,000 
pounds of glycerin, in one morn and driven from one main shaftj but 
prt!i?cnt practice is to have tvvo such nit raters in one buildings In this 
country one would not allow more than one nitrating apparatus to be 
tiii4fd at a time. Of couiwa eaclj nitrator ia provided wi4i a series of 
lead or steel coils tlimugh which cold water circulates, and it has now 
liecome frc^^ueiil to install a refrigerating plant and to circuluto Tvatcr 
of only lO"^ C. and less tbrougli the coils. 

IVitli regard to the composition of the nitrating mixturu, it Uoa 
been customan^ in wcll-conductcd factories during the last twenty 
years or so to uitroto 110 kilograms of glycerin in a mi^sture of W) 
kilognims of nitric acid of ulwut m to 94 pt^r cent moQohydrat& and 
fiOO kilograms of sulphuric acid of 00 per cent inonoliyarato (and not, 
os Sir Frederic Nathan and Mr. Kintoul stated, 100 parts of glyt^m 
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iiiul nitric ncid of o&nt anly).^ Tlii;^ torrt'iijjonds lo about 2 h"j5 

pariH of nitric acid monoLydrate' aiiJ 4SC.4 piirt^ of sulphuric ncid 
iiioriobyilnite, or ii toUil of tS9L4 part:> of add nionohydrot^i with 3ij*B 
paHij of llA) (4.9 jH'r cent) to each 100 parts of glycerin. 

It is now ciistoniaiT to add sulphurk acid cntoining 2Q per cent 
of iinhydrido (oleum) to tin? original jiii^tture, but it ii^ s^till found 
iiii|ii^cLicuble to add it to the waste acid. IL will Ik? seen from the 
prtijer of Sir Krederic Nathan and Mr. Itintoul on Nitroglycerin and 
its manufacture ” that the usw of ttnliydride has reduced the qinmlity 
of sulphuric acid re<]iiire<L Five yearn ago already 1 found in the 
Pozst^ny fiurtoty of Nohel's tlie use of mixed acid consLstitig of 37.3 
per t-ent IlNOa, ftO |3er cent ILiSO^i, and 3.S j>er cent 11.0^ and made 
with anhydridCi Altliough no adiiicial refrigeration wiis used, the 
yielil of nitroglycerin amounted to 320 for 100 glycerin* and a ratio 
fi.SIS of acid to 1 of glycerlu. Factorietj using Nulhan, Thonistni, 
and Kintoul's process now employ a jnUtiire of 41 per cent IINOit 
5T*& per cent llnSO*, and 1-5 per cent ILO, corresponding to S^50 
|H>iinds 350 pounds lI.SO^i and 9 pounds ILO for each 100 

pounds of glvecrinT which gives a ratio of G.03 of acid to 1 of 
glycerin, as against G.91 to 1 formerly m[uired. It is thus seen tliat 
ihis pr<Kie®i nxpjires alK>ut the Ranie quantity of nitric acid per 100 
glywi'in as the old procea?, but about BG pounds^ or roughly 20 jx^r 
coni, less Siulphuric acid. If will thert^fnre simply depend upon the 
prii-ft of tiie sulphuric anhydride whether ilt is adtaniageons to use it. 

U'ith the present pric^ of £3 per ton of 06 per cent siilphuric acid 
and £3 ISs. Od* per Ion of sulphuric monohydrate, coiilaiulug 20 per 
cent of anhydride, the difference between the cos-t of materials with 
the former yield of 220 and the present one of 220 nitroglycerin iS| 
per toii^ £3 0^. 3d, or approximately 5.6 per cent. 

This up fin rent saving quite counterbnlauced by the fact that in 
the new jmMviSK 1*9 tons less of vras^^e acid arc ubtaineiL 

In niakuig tliis comparl^n it must^ however, he reuwmUTijd that 
with the new proct«ffl the wanie apparutus will hold IS per cent larger 
charges. 

After nitration the mixture is allowed to stands when the nitro- 
gjlcerin separates from tlie waste ncid and finals on the top of it. 
The sejmration is sometimes cuiisidenihly delayed by Ihu formation 
of a silicious colloid, which agglomerates witli particles of cell sub¬ 
stance and other impiiritieSj forming fem-iike growtlis. The I^yna- 
jiiit Actiengesellschaft iu Hamburg* found a very' efficient meajrs of 
promoting separation in the addition of high-boiling puraffms iti 

Journal of llie Stu-li-ty of Olif^jcat Tndngtry, Marcti 1903. Cotoiwire alsa 
CluhmaUnr llatiafilctari’- of I^iUcNalvra, VoL O, [n, 93^ 
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qiinrititii-^ of 0,5 to 2 jx'r ceiU of the weight of jrlyceritij while Ur. 
L. F. Keesc, of ’Wilniini^ou,^ adds os Jitllo scHlhtin lluorido Ji^f 0.002 
por « 5 CjU (1 in 50,000) of the glycerin employed to the titrating 
jiiisture with ejctollent results, BotJi methods are now used in very 
liirge faetuHea. For more than thirty yimTH some factories Inul been 
ill the habit of employing one vessel only for both nltniting and 
M^piLTatitig. nnd withdrew the Tiiln*glycerin from three earthenware 
twLs placed sit short, inlemils at the sepnroting line. This cm^blcd 
them to gain considerably in levels and to carry otit the [imtmfactiire 
right tip to the final washing on practically the siinie level. 

Tlie waste acid was always ^ni to iifter-separcition bom>cs^ which 
were frwpieatly csillet] by the fiermnn nsime nf Xachschddiing-'- 
tiiucit the waste add sometimes had to U* kepi in these after-H 2 pariition 
houses for a week^ in order to get rid of all thi; drops of nitroglycerin 
wdiich sepaniletl out, ikcomposJtion occasionally set in, A plan was 
thereupon introduced in France and elfkswhere whidi consisted in 
grmliiolly diluting the wa^ato acid by the addilion of from 2 to A per 
cent of tniterj tliereby stopping tha further formiilion and eepara¬ 
ti on of nitroglyfierm. 

At tlic govomment factorj" at Waltham Abbey these methods have 
been improved upon- A so-coUed ^'^nitrator sepurator^ h use<b in 
which the njtroglj'cerin has lime to separate from the acids^ nnd waste 
acid is then added from below'^ therehy bringing I he level of tlie 
nitroglyrerin to n point where it will run out tlu^ough n giittor Into 
the preliminary washing tank. In this way the use nf t™'ks ia 
a voided p ^nien all the iiitroglyceriti has been dLsplacod about 2 
per cent of water is introduced gradually. 

The result of this combinalidii of a number of useful pi^xm'iea^ 
namely, the employment of anhydrous jfulphuric acid lo [iruduce a 
mii^cd acid coiitainiiig little ivater, tlie use of refrigerated water to 
cool the acids, the flisplacement of the nitroglycerin by nienns uf 
waste acid* which obviated the remising of acid and nitroglycerin 
on emptying nitrutor, and the addition of wnter to stop the 
separution of furllier quantities of nitixjglyceriji;^ that they 
logetlier contributed to yield much better results. As a matter of 
fact in well-conducted works tile yield of nitroglycerin with Iho 
prtsportions of to 1 mentioned above was between 217 and £20 f 
at Waltham Abbey it was possible to obtain by the ^^displacement 
process'^ a yield of it2D parts nitroglycerin for 100 parts; glycerin, 
iiistciul of the former 220 partH* Acconliug to Jlr* de llosienthu] the 
Kobel works obtainenl similar gciod results. This yield has to the 
author's knowledge only once exceeded in a Belgian factory, 
when a charge of nitroglycerin had to be drowned on a cold winteFa 
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(lay. Tlio Doritciits of Hin tank froKc and nKiuirad two cJaj's to ihnw; 
)i yield of 340 parts nilwiglycerjii was, howeverj the surprising result. 

With ri'gjirct to tho selwtion uf appnmtuii, nuiini lend or steel 
1 links, us eNplaiited hIjOVo, arc generally used, but the nnthor has also 
ifeeJi square-coriiered ones. The Americans are mudi in favor of 
tneehaoieiiJ stirring, whikt in Euro{H! uir stirring is preferred. Hav¬ 
ing worked with both, I can not see much diflerence ns regards re¬ 
sults, but since I do not like to have ^I 1 T moving parts in connet'Lioii 
witii the manufacture of nitroglycerin I think air stirring is pref¬ 
erable, on ilio whole. 

There has been no special improvement in the manufacture of 
dynamite since XoIk;! in 1875 invented blasting gelatin. 

In this connection it will he interesting to have a true picture of 
kiiwclgiihr a.s used for dynamite, ilr. Henry do Moseiithal, whose 
skill in preparing sj^dmeas for the mierotiicope wo had often occa¬ 
sion to fidtnim, has prepared for mo various slides of kicselgiihr. 

For blasting gelatin, as you know, a so-called “ HXiUodiou cotton " 
or soluble nitriMS^lInloso is employed. Ifany people think that if T 
per cent of nitrta^iulose is insuiHcieut tc> make n stiff and suitoblo 
Idusting gelatin, the addition of another 1 or 2 per cent would ilo it, 
and certainly nt first the resulting gelatin i.s so stiff and bard lus to 
retjiiire fipccial effort in the eartriilge timchities. After a few rnontha 
of storage, however, or after passiog over the equator into Australia, 
nitriiglyccriii ia found to exude. A good nitnxiellulose will give a 
perfectly stiff blasting gelatin, with between 0 ami 7 per cent of 
nitrocotton, and if a per rent solution is made in a fjorcelain basin, 
the riaulting gelatine should be easily detachable after cooling, sliow- 
iiig no signs of exuclation. 

There has breii within recent years a revival of old ideas, hut with 
lietter success, for die jiurpose of obviating one of tUo diief objections 
lo dyniimite, namely. Hint of freezing. It was in 1 Still, in Sweden, 
ibat A. l‘l. Kudberg patented the addition of nitrolH'nzine lo nitro¬ 
glycerin for the purjMjse of making it unfreezable.” The Soci^t^ 
ties Poiidrc.(! ct Dynumitea, of Arendotick, found later® that the addi¬ 
tion of dinitrotolucne diis®lvcd in nitroglycerin was very iis^fid in 
lowering the freezing point. A new departure was really nmdo when 
Dr. Anton Jfiknhijnink in patented the addition of dinitro¬ 
glycerin lo trinitroglycerin osplosinGS, and at tlie sanm tune indicated 
a prncticnl method of niaiiiifacturitig it.'’ ft is now mudo on a iargtt 
wde in ti fin tory at Castrap. in nerniany. In order to iinderritand 
the question liettcr it is necfeisary lo point to a iuof:t interesting work 

" Sw<.dliih reienl, Aprilisoa 
® British jiateut. No. 14a2*. of lEKKt, 

' tdn No, ti041. of 3001. 
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by Si|nml Nauckboff ■ i^howing why nitroglycerin can sornctimos be 
snbjoctccl to inienjjo cooling without frwxing (superrooling), and to 
a pater by Dr. !1 KasU* showing that Ihero are two kinck of nitro- 
glywriti (one being an allofropic modification), with two different 
molting pointa, one nitroglycerin solidifying at about 13.2'' and the 
other tit about 2.1®, the melting jxilntii being 13.5® and 2,5®. re- 
spectirely. 

Professor Will found that dinitToglyccrin is not a sure guaranty 
against solidDicalton, and that under certain conditions explosives 
prepared with it may become solid at ii bigber temperature tlian 
trinitroglycerin explomves. 

Of all these additions none has so far lieen definitely adopted for 
tile maniifncturo of unfiwzable dynamites, but, I believe that lately 
duiitroi.1iclilurh,i'drine has been used with cons idem bio success by the 
Gcrinati works of tbe Nobel companies. 

T\"g now come tp gun cotton. The really important rtop in tho 
manijfaclntc of gun cotton was taken when the British Goi*cminent 
adopted a process of pulping and imrifving the gun cotton, first 
patented by John Tonkin, jr., of Poole, near Copjitwlioiise, in Corn¬ 
wall,'' and again in combination with tlie eompn^ion of the pulped 
gun cotton, three years laler. by Sir Frederick A1 jcI<* Tbe next step 
was mode whom tbe principle of the detonation of nitrocompounds 
by means of a snmil fulminate of mercury charge, inventcfl by Alfratl 
Nobel,' was extended Ijy Mr. Brown, Sir Frederick Abel’s ^stanl, 
to gun cotton/ 

Baron von Lenck, the Austrian general, who worked most assidu¬ 
ously as the pioneer of Sehoiibcln’s invention, u^ed gun ootton in 
hanivs; the British Goveinment introduced the use of cotton waste 
from spinning and other operations where llireads are made. Ilie 
reason for this change is not quite apparent, unless it was fell that 
since (he cotton Iiad to be pnljied in any case the cheaper wardo miirhl 
do jiiat as well as tlm long threads. This use of cotton waste has lin- 
tinned ever ?riiice^ 


It is %ciy' curious that in the purchase and use of nitric end sul¬ 
phuric acid for Uie nitnitiou of gun cotton most stringent conditions 
are laid down w^ih regnal to freedom from mineral nmlter, dilorine 
sulphat^, arsenic, etc, V et, os far as T could ascectftm. no special 
precautions seem to be taken m the case nf cotton to guard a^inst 


'•** 7A‘lieeIirlft fflr anaewaniltc Choitilo, ' n 
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impurities. As n matter of fact, un<!arflcd cotton wo^^to as used for 
gun cotton geiiynilly contains a qiiantity of strings, wicks, colored 
threads, indm rubleor cljistis: cords, and similar IcnvLiigs, showing 
the origin of ilic wastct nnd amoiuit of hniid piekiiig can h'xm the 
cotton absolutely from such impurities. I have furllier found in 
cotton supplied hy infliiufacturera of the repute a Jarge amount 
of vJiloriiie, sulpiiute of lime, and i^ulphidcSj besidea organic and 
mineral dust, which givc^ the cotton quite a gray appearance. 

Is it not also strange that it never occurred to anybxjy—at least ad 
far as^ T know—to oseertala whetlicr the impurities in the cotion, 
brought jiliout by forcible treatment with bleaching ag^Uits and acids, 
nm responsible for a great clcal of the inbiability of certain finished 
guu cotton and smokeless powders? I nni convinced that this is the 
ca£^. 

Kubialy sccius to have given it a thought tliat such a complex com¬ 
pound O-s rcDulose in the sliape of cotton must vary to an enormous 
ex Lent, both in its jjhyKical and its dicmical structure, and thereby 
tdso the tiiirocellulose made from it* 

Ijct ua examine the possible clmiigc?w Tn the fin^t instance w'o have 
the cqtton itself, which may Iw in any stage of liitencss. 

The investigations of I^eo Yigiion* on the forma Liaii of oxyecUu- 
lc)S4?s mid hydrocellulos€Sf and the tjchavior of their nitm compounds, 
shoiv plainly how cotton and cotton waste may, by the nature of the 
treat men L tliej' undergo, bo partly transforraetl into oxi'ccllulose, 
which gives an unstable nitro compounds and into hydrocdlulosp, 
which has a different rate of nitration than ordinury cellulose, 

1 have rc-pmtCMlly ^^'tated on previous occasions that in iny opinion 
the priH-ess of nitration with a mixture of sulphuric ond riiLric acids 
resullSj in the first instance* in an attack on the cotton by the sid- 
phtirie acid similar to that in the niaiiufticLure of vegetable parch* 
ment, and that the sulphuric Quid is gradually displaced by the nitrle 
Rcid penetrating the filler. 

It seems a fact that the more ox^^ecllokiSc is formed in the cotton 
before nitration, the more unstable are ihe componnds formed in the 
nitrocellulose. Ollier impurities in the cotton are all the more likely 
to endangi'r the stability of nitrocellulose, as their nature is alw'ays 
unknown, and varies from sweepings to india-niblxT elastics, while 
almost all are sure to prixlnce unstable compounds. 

How far the iniiuR!! and origin of the acids may hove an inflnenco 
upon the ultimate product has still to he inveslignted. 

I do not think that differences in appiirotus uswl for the manufac¬ 
ture of nitrCMccUuloise have much to do with itii stability. T have 
strong reasons for not recommending iron vessels for stabilization in 


^ Comptes reDdufl, June 0, IS&S, Septeiaber 10 and IT* lOW. 
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the first Uistniice. J IwlievL^ that if one must use nitrocelluloae, iiiid if, 
as seems to ho the case, cotton is the best nmteriul for niEiJiing- it, oiio 
ought to use the natural cotton only, and not common yarn, and less 
still waste, winch have botii midergune so nmeh forcible mechanical 
and chemical treatment as to completely alter tlie character of the 
collnloBo and introtlnoe clementa of uncertainty and danger. These 
should be avoided by the use of ripe raw cotton, which, of course, 
would have to undergo suitable treatment to eliminale fat, hlisbs, 
and other impuritic!?, but would not nccesaitate tiie whole bleaching 
ojjeration with its attending defects. 

Formerly the mixture for gim cotton wmristed of 1 part of 1,500 
nitrie acid and S ports of l.sio sulphuric acid, and each charge was 
neviyiJied hy taking away o^e^Juart^^ of the waste acid and adding 
a niLvturc rich in nitric acid, so ns to ubtain about the original com¬ 
position. Tlie following table shows the result of revivifying the 
W'nste acid ten timea in a series of operations made bi 1830 by Doctor 
Ab<?lli iLtad the author: 
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The original mbetun* consisted of 1 part of nitric acid to 3 parLs of 
STiJphunc flcid* botli of ovor 97 per cent monnhTdratCa Tbreo parts 
of waste acid weri^ rovirified with I part of acids. 

It will be seen that the pen'cntage of nitrogen contained in the 
nitrocellul^ reaches a maximum when the porceutiige of water in 
the acid mixture Is nix>ut 0 per cent, and not, as might be supposed, iti 
the stronger acid. 

The majorilT of factories prepare the nitrating mixture by giving 
Fpccml consideration to the percentage of wuter in the Hrst instance, 
Iwcnusc by %-aning this nitroceliiilose of widely different proper¬ 
ties can be obtained. I haye often said that by varying the concen¬ 
tration of the acids, their temperature, and the'time'of nitrotioti one 
Jias three factors, each of which can to n certain extent iDlIiience every 
property of the nitrocellulose ohtaiueii. It is the custom in a major- 
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ity of faciorit^ to proUinje soluble nitrceclluloso by Inking m\ml pnrtis 
of nitric noid of Tfj pt^r voni nioiiuhydmlo mid siilplnirio acid of 9i\ 
por (.rent moiioUyJriite and nitrating tho cottfin at a tern pern ture of 
This nitmting acid therefcirc (jonlnim 11.5 pi^r of water. 
Vet by merely alt(?riiig Lho proportions; of acid it is quite poih3?ible 
riijikc vt^ry good soluble nitroccllidosic in the cold, and some mmlerii 
fjKdorioi:-' mnke it in this way. It scorns to be wry clifKciiItt if not im- 
^xjssibkt to olitnin good mid stable completely inwlubio nitrcKsellnlor^ 
from W’chhI pulp. 

Tt is now recognized on nil sides that there ac« no dcfiniUi sitngcA of 
nitration in nitroeclhilosc, but that the diange in composition goes on 
wdtiioiit a breaks if the eondilions are suitable. The manufacturer of 
gim cotton and nit(^ic^llul(^ is fa(.*e to face with great difficultien. 
Almost everything ho does tends to act detrimentullv* From the 
nitration his nilrtrcelliilose (Nizitains a niindwr of lower nitrii eom- 
pounds^ nitrated oxycellulose and hydroceUiiIose^ nitroei^ccharossiSj 
cICm which he lias to get rid of* The ujjual way to do this is to boil the 
nitro cotton foe a long time* It is not quite dear why one should keep 
on lioiting llie long and clo^d-up fibers of unpulpcd gun cotton for^ 
say. fifty liotir^% ns is done in some factori(3si. One would iiiiagiiie that 
if after a pridimiiuiry washing or boiling the gun cotton were pulped 
and then ladled tills conhl be done much quicker. As a matter of fact, 
I have found that by heating the gun cotton w'hiLst pulping the in- 
crea:^': in stubilily is wty much aceeleratedj and several factori(?s use 
the method widi advantage. In France they boil for one hundred 
hours., ind I have quite hitely swn nitm'cUiilose that wps Imilctl for 
two hundred hours without* however, being much the better for it. 
It mustj however,^ bo mentioned that the 'VVaUhajn Abl>ey gun cotton 
as at presemt made is a vciy^ stable and giKxl gun cotti^n, as judgtd 
both by the iodide test and hy the destnicti^u^ test^ of which mote will 
be said later on. This is due. in the first instance, to an investigation 
carried out hy Doctor Kobertsoii. He showed that the fomier mothod 
of giving short Ixiilings of two hourK snd following them up with 
long boilings of eight and twelve hours w erroneouifs ntxd tliat two 
long boilings of twelve hours each would liljertite arid from the nitro- 
celluli^T iin acid water which hydrolizes all the impurities 

without II thick ing the gun cotton itself, and that subsc?qucnt short 
washings are useful in eliminating the products of hyd roly sis. 
Having had frequent occasion to put Doctor Robertson's principles to 
n practical te^t* J. cooiijder it to he one of the most useful pieces of 
work iiccomplj^hwl since the invention of gtm cotton. 

JIc?srs^ iSelwig and Lange* of Braunschweig, have invented the &o- 
callcil ^ nitrating centrifugal machine,’^ wherein the cotton is dipped 
and lillowed to stand for the requisite time, and, the nitration being 
ittos-lii 
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compliHe^ the centrifiigiU Ls in moLioti iind llie acid wrun^ ouU In 
other wDrd$, the refcnoviil of tlie tiitrocottoii and nil rating aeith from 
the pots into tlvo centrifngal inacliitie^i is uvoidetl. I am an 

heretic, hut I hovG never been uble lo sec the ndviintage of the^ nifrat- 
ing centrifugfil machineH. 1'hey ecist a gn'at ileal of money; they arc 
tiabic to get out of order; one only nitrate alxiiit S kilograiiis of 
rotton in eadfc. iiiul with n nit rating iwriotl of, say^ half an hnur, one 
rim at the bes-t make 10 a day in oudi ; further^ if the nitrating 

lime is an hoiiTj the number of nitrationi^ is about T oiih\ This 
means that for a fairly liirgc prod net inn one retiuircs a large nuniber 
of ccninfugals, and it is easy (o catculHte whal thU wonhl mean in an 
ardficiat silk fnetnry producing^ sii>\ A tons of niti'o^'elluli^se per day. 
The f|nantity of acid tised for nitration in list Ik- greater, laaiinse the 
space lieiweeii ibe basket cfmtiuning the itUtnn ainl the jacket of the 
machine has to I* SIIchI up wilk arid, and simibirty thci^' are a good 
many other d I sail vantages. There is no dilhi ulty in arranging pots 
orba!:^iiiS in such a way tlmt the fumes arising from ttiem art* Icil nwjij’" 
by means of an ejirtbetiware fan into an alisorlhng tmrer* jnsit jis is 
done in nitrating tvntrifugals niul discharging these nitrating vessels 
into a wringing uiaLbine without Its lauiig nei5essuiry to ex|>ose iho 
workmen to fnnuis or spilt acid. Sndi factories hav'o been working 
very many years iitid give every pat is far don. 

Since there m an e.xce5s of waste add prucluccii in revSvitication^ 
this waste acid is iioinetlines ilenitraicd in the same way its tlie add 
from nitroglycerin moniifacture, but may more ndvnidageouMly 1>c 
used in mamifact 0 ring fresh nitric ucid, Itecaupc in this case the iiitric 
acid contained in the waste acid ia recovered as pure moiiohydnite. 

HeviviKcation is nowndays very frei|netitly carried out with snb 
phuric add containing 20 jier t^nt of sulphuric anliydride (oleum). 

Wlieii thegiin cotton is pulptul und tinisliei:! It is frequently i>sicked 
and press'd inio I loses. Gun cotton cun be^xuue mobly on the out¬ 
side tbrougb fungi find, acefjriling to v. Fiirhter. Iiave its slrnriun* 
destroyed:'* and v* Frirsler found tbi^r was promoted by pfijier in the 
cases, whilst Maleiikowica ^ showed this lo l>e due to moisture acting 
on the wowl of the (voxes. It is very impoHant to si*lret proper pack¬ 
ing miiteriiil on account of the possibility of dctrinaentally iniluencuig 
the slubiUty. 

A nc^v process for the nitration of cotton is due to Jlessrs, JanieiT 
Milne Tliomson and William Thomson, of Waltham Ablxsy,® and it 
hn^ already Ijcen infroduct^I in some factones. An earthenware fun¬ 
nel-slia pod ve?ispl can hi^ connected at it^ stem by mctiiis of cricks, 

“Mbs t* FTirstct, ^M^enniiiic ailt comprlmlrter KeliteKP'^attmwolTc/' tVrlJu, 
ISfa IK 

MlttlielluHKen Obi*r fSoia'iislilrult^ lies ArllJJerlewost'TtA''' 1007 ^ p. liDfl). 

« Britlsli patent No. 8273, of 1003, 
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eilhfr with 3i pijie frupplying fresh acid hi* * wSlh u dischiir-^ pipe- 
Ati earllicnwarc graiiiig: cloi^ tiie opening of Llie stuiUj the new neiJ 
13 iQtr^Khtccd^ the cotton cUpptHi in it in llie usual way, and then 
^gnieuts niinic of la^fonitetl earthenware plates are laid on top so as 
to immerse the et^tuii coini^lelely. A smiill vessei with four outlets 
ia now laid tai top, and a Segner wheel distributes water evenly into 
it, and this so regiilatcil ns to How out iiuite fslowly and lay itself on 
the top of tlio iicul Without disturbing the latter^ Tins layer of 
water rcHiiltiH all fntiiesi that may arise from lli-e acid^ so that the air 
in the room is quite good. iVheu nit ration is liiiished water is ago hi 
nllowod to run in^ bid at the same time connection is made wilh the 
outlet piiM*!, niut^ tlie ilow of the water lieing carefully regulated, it 
gradually displaces il\Q ucitL Finally the nitrocolton cun be given n 
pad i mi nary washing. 

■'f'his process gives; very good results, find is very conveiiient for 
rnnking gun t^tlcui as i^«]uirecl for the British fTOvcrnnient, winch 
coiilains n fairly inrgi^ |M‘rceiita|^n of soluble [jitrocellulose. As yet 
thrn^ are hartlly snillicieriL data uvaitolile to deeiile wliether the dis- 
placement process will give equally good njsults for gun cotton willi u 
small percentage of soluble, or^ what is far more important for 
smokch»s:s |>owdm w'hcLher il wdll enable a soluble nitrocellulo^ with 
deHElite projicilics to made, which, as ih kiiow^n, is ahvays a some¬ 
what difficult mutter. 

It wiLS somewhat of a surprise when Arthur Hough, of N^ew York,'* 
ntiiiotiiieed that he cfiuhl nitrate starch so as to contain at least fti 
1 >QV cent of nitmgen. You will rememl>er that Hoitsema ^ has already 
studied the possibility of producing higher cellulose nitintes than 
hextintlnicelhilose by keej>iiig up the strength of the acid wit h phi>^ 
phorir anliydride. 1 lough seems to have found tlio practi^ml scilu- 
tioh. This nitrcK^staix^b has Ijcch utilized in ilio manufacture uf 
hiiiokeless puwdcrss, iiml 1 imdci^tand that it m used to a iX'rtain ex¬ 
tent ijj the UniLed States Army. 


HI. 

In the year l.SSO Jliehel Eyquem do Montaigne^, in his ^ Essais." 
wrtite with reference to gunjxiwuler: ^ Except to ukstonisli the ears, 
to which by n<jw cveryliotly is acenstometL 1 Ivplievc thia in a weapon 
of very little cfTctU* anti I hope that we shfill one day give up it« 
use.”*’ IVould aiiylK>tly have dared to re]>eat such u thought thirty 
years ago? Yet it hm come true, 

^‘ItrltlHb patent No, of UMH. 

* “ZelIttrliHft fUf aUftcwainUr In. l!7a. 

*++Stiuf iV-lonDemetit des atiniUlca, 4007 Uf-MfrniaEp etuUK-un epT apprlvolfi^, 
crola <jac e'est iiu& nroie do fort la^u d’etTecl lU e¥pere qiie aouu cu gaUtuua 
Uii jour rsiKiiye.” 
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AUjini tlie your 1410 ^vp finfl tliat cjtniiiil rm ^infKiwdpr 

ciillpd ” r'ciiprwcrkribuplit^ tti hitve lr>eeji ^vrittPii \iy n iiiui^ter 

giinnpr« Abraham vnn AlrtnttitiigieiL It cr^ntairps tlie fjinioiiJt hLitury 
of how Beil hold fk'ii^vtirz Irks I to iimko ti gold paint mid invented 
gunpowder and gtins inH-t<>^d. This btiok was lent to tither iiiaster 
gunners, who seveitilly eojikd ivhd ejihirgcsl it^ until in iri34 it was 
printetl in Frankfort on the Mnin niulor the title, Knehscliinry- 
stertri.’^ In tills printed ediiiun wc find ii preiSoripLionn, ^ lu.nv to 
shoot injt. nf u gun jus fur with Wftler ii-s whU gunpowder/' Tuke 
II parts of iiitrio ludd, 3 partes of siilphurie acid. 2 parlii of Liquiil 
aiiihioniaT and 2 |saris of oleum iK'iiidictiim(criidti tzir oil), and 
chargt* the gun lo a teiitli [sirt of it^ laire. It fniiher advises 
quninlly^ Bight it quickly, so as lo gi.*t away in iJiiic^ Seci lliat 
ihe giin is very si rung. With an ordinsiry gnn ycsii can sliwa S^OOO 
pmvs with this water* but it is sjikaidid/^ This k tlie iii>it evidence 
of ti nitrated organic suiKtiiin:e huviiig I seen used as n propellant. 

1 have already ullinled Lo the history of die invention of gim 
Cistton. but one reference rcinaiiiii to lie given, showing Itow early 
tho lists of gun cist I on in rillcs was L ho tight of. It is known that 
Schonlicin reported on his gun cotton on ilarch llj 1840* and on 
Jlay 27j l&40j lie made e-'JpcrJinent^ Avith rifli^ Prnfci^or Otto^ of 
IlmiLSwick, hadj independently of *Sobdnbeiii, also maiie gun cotton^ 
and published his results on Octolx^r 1840. Tie also tried gnn 
cotton in a ridct and Iknior llartig published a pamphlet in 1847 
at BriinswickT under the title Untersiichungen ilN^r den Bi?stHiid 
iniiJ die Wirkimgen dcr e,\plosivcn BaiimAvoUe (Expcrinients on 
the Condition and Effects of Explosive Cotton)* and therein he 
makes u statement^ aa'IiscIi has since altiiituH) great iniptsrtaiice. Tie 
says tlial the effect Avhiclx acetic ether has un the shouting liber ^ is 
very remarkable, lie has found tlsat if ho makes a stiff, clear Jelly 
Avitli tjiis ether from the sjiooting filicrj it docs not alter its chcmioil 
state* and if put in a thin layer on a plate of glajiss, a snow -white 
n^idui'i is left after the ether has eva^Kirated^. If this residtie is put 
into dilute alcohol and then dried it will have in every re-siH-ci the 
same propcilies ns the shooting fiber. He mentions already that 
pTobiibly on account of the altered, state of nggregaliou then? Is a 
eonsidentble diminution of the explosive foiw. 

Notliing was heani of a rcEil powder made of nitrocellulose for a 
vei^' long time* It is true llmt in 1847 tho Commission de Pyroxylo* 
which was appointed in France* “ experimented with it in every form* 
as wadding* spun, twhited* woven, r«?dnccd to powder by die action 
of paper makers^ cvlinclers* feltefl together by meuns of dextrine* 
finally granulated like cannon powder/*^ hut it was too viotcut for 

*"Note war la pyTosj^llni* tm ctitou-jiMUdrey par XI, fiamne. yCnuolTiea ile 
rAtuik^ajlL- [anjiCTlale Oe Metz, 
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use in and riH^ Barun Ton Lenek, in Aiistriiu made gun 

charpe^s from fibrous gun ooLton^ anil we know Lliut they werci not d 
In 1965 Capt. EdimrJ Si^hiilbje, of Berlin^ publisbed n 
pamphlet on his '' new dliemicul gimpowdery” in wbkli he gave the 
firsi iiulleaticn of hU powder, htil nion' words than detniL^, At the 
same tune, however^ a nund>er of Ciemmii journals publLslierl mnif* 
pnrtieulnrs of its inunnfaetiire. Wry sstMin after Rchiiltze used finely 
piil|>cd uitroecllulose, and made powiier grains hy iigglomeratinn 
with water in drums. It is siIjso renmrkahle that iu 1805 Abel 
patented tlu’ protinclioii of gi-tiins of gun cotton by placing a nnx- 
tnnc of gun tsjtton with water and u little gum arahk in n pan, mid 
giving it ji shaking niotiun, whereby the gun cotton was formed 
into gmuis. lie also proposed to mix soluble and insoluble gun 
cottoiij mid to iiitike the soluble gun ctiUon serve as a binding niuterial 
by tri^tnient with wood spiritt alcohol, ether* or inistiircs of thciw 
liquids. It is further interesting that Dos^tiir K*^ilner^ of Woohviclb 
is inentioiUHl in a (leniian lxK>k whicli appeaml in 18(iG^ to htivo 
Wn the finit. to siictHsed in making a granular bjinokeless powder. 
Xeither Abel nor Kellner seem to huve continued at the gelatiniza^ 
lifsii of nitrocellulose. 

The author well reniendjens liowever, a firm in Jlarchegg, near 
Viennti, wliich existed luider the name of \*oiknmtitri 9 t,k. priv. Col- 
lodinfabriks Ciejpell^^t’haft LI. Beniice & Co. They originallv hoitglit 
the puteut for the BthiiUae pow^der, and niacle it under the name of 
nitroxylim From iST'i to 1975 they ziiade a powder culleil c^iUodin, 
the ins'rntifin of Friedricli Valkiimnin wdiicli woa patented under data 
November 8* 1870, and May Al* 1B7L After throe yeiii'^ of cxif^tenca 
the Austrian Government ordered the worbi to be closed, l>eeau^ thav 
daimed that this explc^ivo was infringing iheir gunpowder monoplv. 

Voiktiuiiin cut up alder w'ood into iEuall grains of the sjise of bhiek 
pow'der^ boiled^ mid ^vashed, then bleached them, and after final 
boiling nitrated them m a mixtmv: of nitric and sulphuric add- TIiuh 
far the treatment was that usiiaily given to otdton wa^te. The fin- 
ijshed grains were soaketl in a solution of pota^^inm nitrate, or of 
poUissiimi mtrate and Ijurium nitrate, and, after drying, treatetl with 
ft mixture of 5 volunies of ether to 1 volume of alcohoL The solvent 
was ollowed to penermte the grains completely, and the more the 
substance was dLstajhed tlie nion^ the volume decreased. On taking 
the powder out of the solvent iL had the appearance of u mtash. which, 
after twelve hours^ drying at C.. was converted into n dough, a 
past 3 % pliable siili$tutice, fivuu which any Mhape could he itt'tainifct bv 
molding and pressing, \ olkniann seems to have know'n everything 
about a smokeless powder. 

^ BrItiHE pon^nt Nn. 1102, itf tMkV 

•Iliicli Uvr nrCiuduatriai/" l^hE, cEopter un Kinu^niwder auu tiniirt. 
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In 1S§2 Mn Wiiltcr F* Rpisi piitenled'* tho jigglonjersition of 

into grillnf=t and moisit^ning them wUli etlier iikcshcil for the 
purpoi^e of Uai'ileniiij^ the grtiins, I had the advantage of weeing this 
^llaIlufactlll^^ and i^nne oxjjermicnts with this pnwder in in which 
year also Osear WolIT and Max von Fdrwter published and patented ^ 
the metliod uf coaling siindl cid>eiv of gun cotton with a solvent for 
1.1 je pnrjHjse of keeping tlieiii |H?i'tiianent!y moinl^ Keid's i>owder 
is niannfactiiml under tlic mime of B. C. powder* anil is still a favor¬ 
ite ^^pi^rling jMrtvtler* but, Unng wliat is now ealkn] n bulk powder, 
luimely, ti |mwder of very hwise: ^.tiaitinre and low vohmielrit! density* 
it was liHj violent iri itn etTi'cU for military' rilles, wliile for ?^|xirLing 
riiles it was just the right liiing. ! Avoiihl again nienlioTi hen' lliiit in 
the begiinnug of lB8(i I wiigjcp'steil to tlelder, the well- 

kiiovvii Swiss jiioncer of the sniall-hore rifle, the n^ of a piece of blast¬ 
ing gel QI in aw a charge for a rillc cartridgCj^ but that the very idea 
frighteneil him, althongh be wi?^hed to have a pellet of compn^wed 
gun cotton from me for the pnrpc^e^ \^ieille in thomughly 

gc^latiiiiacil nitrocelliilosi' and made sheets of which he cut up in 
iitrips or small loKCfigivlilce s<iHares, Thiii was the first military 
smokeless powder- It has l*een fiaid tliat Vieille made his di-s^tiverj' 
while trying to make a bulk powder satiiilur to E. C. imwdcr* but I 
have it from hiia that his invention wsls the outcome of prolonged 
study jind ex peri n amt . 

This impartial aiirvey j^howjj that while the merit of making the 
first powder-like material from a idtro compound kdong^s to ibu tig, 
and while SchidlKe made llie lii^st couiniejxaal powder, yet the inven¬ 
tion of a gelalinized [wwder in tlie nioilem sense iniitfL be altributcil to 
Friedridi Volkiuaniu although^ iinleiMnahmtly of Isim^ Ueiil n^lisciiv- 
eri-tl, twelve years l4iler,^a hanUmed sporting powder, and Yieille+six¬ 
teen yeani later* a thoi'ongldy gi'liidnixiKl military |>i>wikr, 

Nitrogtyei'rin-nitnxrelbilose pinvder w^us invented bv .Vlfretl ynl>el 
in 1888,who gave it the name of ImllistiU^ The British Government 
adopted a powder whicli ("ontaintN:! insoluble gun cotton with nitm- 
glycerin and vaseline, the whole being disssolved hi acetone.^ Ballis- 
lite is the tier vice powder in Italy and iir mudi used for large giitis* 
AiLiUne is now' adileib and it ischiimed IkiHi for vasolinei, uniline* and 
diplicnylurnine that they exert a great stahitiyJiig inllneir'e on the 
[K>vvdcr, 

• twitctif Xo, mn, nr iss^ 

* III.. X« ef 1SS,TL 

‘^Jounatl ot che HocSi-ty af lnilnaKr>', p- tiTS, 

^St^nm-irial (Ip? P-nialrert el Knljp^trei?, ISlto, p, li, 

^Brltlsli pnti-nr Xa, 1471* of 

t td, Xu. m4. of issa. 
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There is tiQ need for tne to detail tUe manufacture of powders, 
l?owdi-rs an? miide fmiii dvy nitr(MN.4luluses ^ nu:suig 

iriLtchiiiCt using a Fjoivcnt (gcuemlly ether alcohol or ether acetoni^li. 
Ill [uiLnv factories tlie ititrex^lliihKe is made anhydiuiis hy soaking it 
in ah'oliolj and then sqiie«e/jng it out in ti press?, Sonic tiiink that iho 
quality of the [>owilpf is ufftt^ted by this mtHhutL Some have found a 
1 hs$ of stdARtnne^o tip to H per c'ont to take place with certiiin niinxajt- 
tojis. The mixtiirc Is then mlknl under a pair of heavy rolls Into 
irheets of tlic mjiiired thicknes.-, ciUthig tVieiii up into Pf|iiar<^. and 
afterwards drying these. In sK>me services ribbons are use<l instciid 
of giTiins, and iil otiters threafb nr ore made of siicli powder 
and cut into Jilick:s of tiie length reiiuiretl for the charge* In Ger- 
tnauy camphor vias formerly addeil to the fxiwder while kneading ii, 
Some eountries leave u certain amount of ttie solvent in the ix}wder» 
aiul formerly in France a little amyl alcohol wrns added, wiiile now 
diphrttyliiiiiine has lieen adopted: lliiss was ulmidy u^^d in 1BS9 in 
Germany for janivder made by the Cologne-Hottweil factory. 

lialliBtite is made in it dilfeivut way. Soluble ni(rna.'elluhi«e In the 
shape of n tine powder i^^ sruspeiulqd tti fifteen times own bulk uf 
walor and nitroglycerin added, the mixture Iwiiiig stirred by means 
of compres^ted ttir, Ti'ih causes the iiilro"lyc.tfrjii to dis^lvo up the 
nitryrtdliilosi;^;^ I he water acting as a carrier only. ITie paste result¬ 
ing in this wiiy is tlien brneghl under steam-heated rolls* weighti'd lo 
exert ii pressure of IHO atniaspheres, to thoroughly incmrporate U, tiisd 
iheii mixed by rolling Uie' shcet.‘+ oves' and over until they are quite 
sutisfarton'. The filux^ta nUained an^ tlien cut up into flaki*s, 
cmlics. Strips, etc.* ns rt^vuiml. 

Von will I'cudiiy uiKlerstand that every weapon may, and generally 
does, require a dilfei*CDt powder in order to give the desired velrM'ity 
and not to excised the permissible HmitR of prcss?iire. It is obvious 
that It would lie very easy to alter tla* eonqaisition in every CJist** 
but as a mutter of course irJiich an cxpixlicnt would be quite untle- 
sirabk alike from a manufacturing and frtmi a seiwice jaunt lif 
\Hew, Hence ali^ady in the days of black powder it lias been (he 
custom to var^' the Eiliaiw and siKe nf die [lowder. ’^Ve thiLs have rlk 
luins in France, strings in Great Rritnin, flakes and ttifjes in Gennany* 
coitIs of square section in Italyi shoji mnltqierforuted cyhTiders in 
the Unite<l States, cubes from balHstite, spiral sfiorting jxiwder in 
Crermttoy, the pi>ndro j^eigne (spiml powder with eomb-slmped in¬ 
cisions) of French inventors, etc. Further, these powders may Ihi^u 
be made in vurioiis lengths, breadths, or tliiekne^^ and Avith various 
kinds of holes, incisions, etc. 11 is quite impi^ssible to genera Iizjp and 
to say that a particular form is g<M>d or bad, because it prolmbly does 
suit a special weapon. It is a fact that up to a ecriain found 
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grsiiTs lire? most to gm good combiistiont and that cord or tube 

comes next; on the other hand, a fliit ribbon is likeh^ to burn more 
uniformly, although, agnin* a variation in the rate of combustion at 
diiTorcnt intarvala of time inay JlJS^t be what is wemtetb 

Tlio conviction has grown of lafo that in ndditinn to being Finoke- 
less a powder should ali^o tie flainole^T so os not to iILsclo^> the posi¬ 
tion of flu attacking force. 

The nuUtary powders stiffer, in the first instoncPt from irregular 
shooting. In the caase of sporting powder, it is uccesKarr to carry 
out shooting tests with every small butch, becxuiH? the rL'pntiition of 
a firm depends on keeping powder out of the market which h in the 
sligJitest degree deficient Careful lilending has to be rcsorletl to in 
order to obUiin ah«;oiiitcdy imifonn i^sisiltw ihrnnghmit. 

Of other difficulties in manufaeture I will ineiition only a few* 
Tlie treatment nf a powder under rolls is to a ceHniii extent giiidcrl 
hy rule of thumb. It is all >ery well to look thnaigh the pastcj the 
sheet may api>ear quite transparent to a good iind eXfH'ricnced eye, 
yet small nodules of nitrotTidlulose may have esca|)ed solution for a 
long time. The constant cnickJing heanl when rolling thin sheets 
plainly points to saich isolated and imdissolved fibers- Ineorpomting 
in a kneading machine docs not iinpiwe matters. Pressing powder 
out of 0 die gives vt^ry good resiilts with small dititneteLs, but with 
larger diatnetctH very much ikipends ujum the slmpo of and the 
wear on the nozzle, its puejition among several oLliei^.or relatively to 
the die, 11 mi on wdietlicr the outer s^bin vrill c*ontain air bubbled or lie 
crackcKh If too much solvent is taken, or the proportions nf a com¬ 
posite Hill vent are not quite suitable^ the detLslty and iiiiifnrmity of the 
powder will suffer. One of the greatest difficulties lies in the [iroper 
dry^tng of powder. Tlie smaller sizes of stick.4, ribbons^ tul>es, etc., 
are easier to deal with. The larger and thicker ones, however, some¬ 
times require month-s to dry projierly. With some powdei^ this 
^lefcct is to a certaiti extent avoided by leaving some of the solvent 
behind, but tJiQn, of coum, we have on the one hand the dilHcutly of 
not knowing exactly when ibo correct amount of solvent is prcwnl, 
and, on tlie other haiicl, a eerhiin amount of risk in that the powder 
would in course of lime undergo changes by gradual eva|>oration of 
llie solvent. 

Sj^rlijig powders are of two kinds, tlie so-(Uilled bulk • powders, 
conaLiting of loofw gniziiiles^ coated or hardened hy means of n 
solvent, find the so-called ^oonden.sed ’’ powderi^ gelatiniKed through¬ 
out. and made in praclieally the same way as military Bake powders '* 
The former are euppnwd to just fill a cartridge used in the old black- 

• Ttn* tulcm-photocropliii rt'prwlnecil on platHt n amt a kfiiiUy pror^rnt 

tiy Mr. Henry Ue MohuiUijlI. 
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powder gun; tlie latter are made for modern weapon#* The tjsubI 
^^bulk'* pem'ders nre composed of soluble nitrocotton tnised with 
potassium or barium nitrate, and generally worked up m an in¬ 
corporating mill or driinu Tlie mixture s& then citfier Hpriokled with 
water in a rotating drnni^ so as to form grains, or extended on a 
sliaking table making short and rapid oseillHtiotis, Alternatively it 
may be put into an hydrsulie press and then brciken into grains, iho 
solvent being in nrery case sprinkled over when the grain# ajxi ali'eady 
formed. 

The “ condensed powders are usually made by rolling the paste ” 
into very thin (0,1 millimeter and less?), which are then cut 

into small Hakes to obtain the rtxiui^ite rapidit^^ of combustions Such 
powders are dried fairly quickly* and they may sometimes even be 
boiled in w^ater to promote nliniinutioti of the solvent* 

Since 1800, when Howard invented fiibuinnle of mercury, and 
ainoc 1815, when Joseph Egg made tlie first cap^ but little progress 
bus been made in the manufacture of these articlesL It is still the 
usual cap and the usual detonator^ the only difference l>eing that 
potassium chlorate entei^ partly into the composition of detonators,, 
whiLit for smokeless powders a hotter Hume. Is found es^^ntJiLl^ and 
is obfainc^l hy adding a combustible sulistance* Aluminum powder, 
either mixcil with the fitltniiiatt! or presseil in a layer on top of it, 
has been sucee^fully employed,'* The Rheimsch-West fill isrhe Ck^ll- 
schaft of Troisdorf iLLakc now detonators of tctranitromcthylaniline 
(called tctiyd).^ It is said that quite half of all ilie detonatur# at 
present manufactured in Germany arc made witli trinitrotoluene. 

The manufacture of fulminate of mercury Is performed in almost 
the same way as that described fifty year# ago. 

The increasing demand for ammonium nitrate saifety explosives 
has resulted in the use of greater quantUios of powerful detonators. 
For the ^nie reason great progress has been made with electric deto¬ 
nators. Formerly liigh-tension fuses fired by frictional eiectric 
machines were almost solely iiwdt and Breguets were the only low- 
tension fuses employed in mines* Nowadays the tendency is to use 
low-tension fiisi?s and magnetci-firuig apparatus, thus greatly reducing 
the rL^k of firing the pit gases. 

Bickford^# in vent Jim still hold:^ the field as regards safety fuseSp 
1 have explained in my first lecture wherein the few improvements 
consist that were made on safety It is curious Llmt all attempts 

to make a safety fuse with a con; of smokeless powder or some other 
nitro compound have s^o far been utnuitisfactorT. It seems impo^i- 
ble to msnre uiiiuterrnpted humiag. Of late, rapid-burning ftisca 


* BriUab (Wtetit No. ^360, of t90*. 
^ Id, No* of 1900, 
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weif? introd lifted, being; fin^d in groups men ns of pistols and 
other central-firing arrangements. Gciienil Ijauer and Sir* Tir- 
maim introduced friction fuse$^ which aiv fired by means of wires 
from a distance^ unil are extciiHivoIy used cliiedy in Austrian coal 
zumes^ Girard made eorJeiiux d^tmiants ’’ by filling lead tubes witli 
nitrohydrocellulosc lUifl then tlmwing them out to ihe diameter of an 
ordinary safety fuse. In lS>on these fuses were filliM.l with melinite, 
and now tnnitroioluetie h «lso iwd^ which p<frniit.s the employment 
of lead tubes inn^tcail of the costly tin tubes indiepensable with a 
picric acid explosive,^ Tlie ni(wt pei fect fiusc of this kind is* how- 
evorsthe instantaneons fuse invented by General Hcsm and introduced 
into the An^tro-Iiiingariofi service. Originally ii coimistcd of a 
mercuric fulminate coi\‘ on four threads. Di Hess '* phlegma- 
tiiceJ tlie faUniimtc ^ by tlio addition of 20 p<'r cent of hard parallin, 
but a DumlK^r of such fiises^ tied togetlier by knotis can be detonated 
by a common detonatoiv tliufi replacing electric shot tiring and flLs^ 
pensing with a detonator in each bote. The fuse can be cut^ 
hammered^ squeezed, etc^ without danger. 

The more industry pj'ogiT^ssed all over the world, the greater the 
coal cciiisiimption became, and the more frequently occurred those 
appalling mine dWinters which from time to time convulse public 
feeling. The Iiriti:^h Govemmenl w'»is the ill’s! to nominate a fire¬ 
damp commission. Then followed coiiimissions in Prussia, France* 
Sasony, and Austria^ but nut one of them trit?d u safety explosive 
lie fore SeptemU^^r. lS8lj, TJie PrussioLn Gnvermnent, however, hail 
built a testing *<tation and trial gallery at Keunkirrheiv, in tlic begm- 
tiing of Scptembrrt IftSlv, umliT tlie direction of l^tr. Margraf. In 
September^ 1887, u I'arlxjhite ctmwLHling of Lssiltfieter^ 4U^11niose+ nitro¬ 
glycerin, and .^nlphiireted oil was found to lie al>rioliitel 3 ^ safe. In 
18?ifi Margraf tested securitc against carbonitCT and this also was 
found safe. In April, 1837„ rnbiirite and kiuetite Avere tried, and 
in August, 1887, soda dynamite* Thus curbonite was really the first 
safely e.xplosive. 

It is necessuri' to distinguish i«?twren explosives^ w’hich are safe in 
mao ip Illation (handhabimgssiclier) and such that are safe in Sro 
damp (wettcrsidicr)* The latter only are called siifcty explosives in 
this country* 

The obvious question is, naakes an explosive safe in fire 

dampf 1 confess that,, having most eaix^fully examined tlie ^’iew-sof 
those most ccmijHitent to given im opinion* 1 fail to find a definite 
answer. At one time the Prussian commission stated that the uiore 
rapid tlie explosion the safer the exploitve, and some color is lent to 

^ Miomtslue-rti*. AtJiaiMt, UifiS. 

MHtUeUuaoi'M HU^r ilegwititiiaOi! Jes Artlllerle uud acnleweEcm,'' JOOt, ' 
p* lie. 



PKS>ClBE3i5 EXPLOSIVES—aU-TTalANN, 


SS9 

this thcorj' by the fact tliat fiilniinute of mercury <loesnot ordimirily 
ignite tire dunip^ whilst bkek powder iilwuys does. The theory 
however, runlroverttHl Ijv etTtuhi bkck-jwjwder Qiixtujc=?* foremu-d. 
«moug whirh is bobbinile* which is siifc up to ii ccrtniu pointj iind by 
nitroglyceriu Einil Idustiiig gciluiiiij which nre not. 

The French (lovcriiiiieul irommisiiion .^ttited that tin explosive 
whose tempi^mtiire of e.vfikjsion was Mnve UfrfX) -' rnuhl lie liccnseil 
for ui?e in fir it mines- {hirioosly qnGijgh earbrnite, so far tlie S4ife-d 
of ftIL iiud s^verrtl others, wliitli nro lirt-tiiSeil for surli use, hove a tem- 
]}enitim^ of explosion cousitleruhly higher than l,50C>^ C* 

Mr. BicheL in eohjiinetiou with his dLdliilKjrntor* Doctor Mettego ngf 
s-iys that llic vrlocnty of detomitiorit (hr nuiximiiin lfni|M*n;itiire of 
ihe products of ooiiibuslion, the length oiol the durutiuti of tlie flame 
of iui explosive all ititUieiu^ the wvfrty of an explosive adversely.■* 
Tie fOiL^iderH, mul in tlie aiithor^s opinion very jnslly, the nature of 
the prcMlucts of c-arnhiiisiioii to idl inifiortant, wbetiier they eorsist 
of Hcjlid parlieles wliirh remain incande^sc-eiit for a ixaisirlerable tinu\ 
or of large quantities of conihiiiitible gases ?-:hot forward willi grejit 
forca^ In this way ho corroliomtes early attempts to photograph the 
llaine of nii explosion made by Sehociicweg^ the inventor of swcuritej 
and by Siersch, iif T*ozsoiiy- The velocity of detornition can not. how¬ 
ever, be considered to hi^ a detemnuing factor under all eireum- 
.stances- Certain nitroglycerin explosiv^es, amongst, which w'e tnay 
also include rarhonite, explotle much more rapidly thiiit^ sav, bub- 
l>inite* ami yet show tliemseives to Ijc much safer when tested. I 
myself have found that up to a ccriitin point the addition of picric 
field gave increastal safety on tcstn 

It will b* remembered tliat the Eritish commission foil ml a watt^r 
Jacket round the charge very efliirient. isodium earhonate, mag- 
ncsiiim sulphate- and other HidjfStances were triodn, dlUer separately' 
in front of the cxplonive or us ingredients. More prtiniiiiemx? was 
then given to the Frencli rtcommendaliuns, mu! tba notion bocumo 
prevalent that llie addition to the explosive rinist be a tlaine-cotding 
agent in the .shape of water vai>t>r or some ntJier heat-a lienor hi rig gas. 
Tims f^emiangiiniiteH, Isieiirnimite oxalates, and other salts were utrecl^ 
anti of late ijnmmon “alt sprung into favor- 

The only definite result nlitaiiird so far b that ammonitiiii iiilrale 
is tdii^lutely safe in all qiicmtities, and that cellulose atnl similar 
substances in iiitrnglyceriii cxmqH^iticmK — c- gr, tye dour in car¬ 
bon lies or wood ptdp in other explosive^^ — rentiers them highly inert 
ill fire-tinmp mixtures. Ammoiuiim nitnue ran not. however, be 
nst'd by itself- although Lobry de Bruyn succeeded in cxplocling itj* 
and iherefore some combustible substance must be added- It simply 


ftfjmckauf, IWUk No. OT*. 

^ Heciiell itujj tini%'aux ckliutaut.^ dt.'S rnra-Ilu^ 1S£H^ p. t2T. 
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reiuBitis to be determined what niininium {jitaritily of such combustiblo 
ran be added to ovoid tlumra of great length und duration. 

The next <iueAtion is. How can one tell wlicther an explosive is 
‘•rafe’* *l This <{ijration is a still more difficult one to answer. The 
various governments and also rartain factories have eretded testing 
stations. These stations generally escnisist of a long wooden or iron 
tunnel, lYJund or oval in section. The explosive is shot into » gas 
mixture. In this connin' a luillistic pendulum is used to nseertain 
the quantity of tlie exjrlusHve equal in force to 4 ounces of dyiiainite 
No, 1, and this quantity with a Ktcmmed sJiot is then tired in air con* 
taining 13 [x»r cent of coal ga& If tJie mixture does not fin* in 20 
.shots the explosive is cotisldcred n safe one. In most other ctmntries 
the quantity of the explosive in question is determined which will lire 
and that which w'iU just not lire a certain pit ga-s mixture. Thk 
gives us what Mr, Watteyiie, the well-known Helgiun mttliority, calls 
the *■ charge limite ” of an explosive. This latter way is rartaitily the 
iiiore ntlional one. sinm it pc-niiits of comptirison lK-|wccn different 
kimhi of explosives. Is tliis method of testing, how'cver, al»ov« vc- 
proaclif I think not, although ! know of no better one at pi-cscnt. 
It has lieeii fnimd that the narr()Wer tho Ijore of the cannon the cnsler 
ignition takes place under certain circiimstan^tra. The Woolwich 
circular section gallerj', which has a e<ectional area of 0.30 square 
meter, is much mom sensitive than the elliptical Belgian one, who.se 
sectional area is 2 square meters, and, in fact, even ivitli eqiiul dinm- 
elers each gallety may be said to have its own ignition tempt'THment, 
which iitfects thu results. Thus quite recent teats at. hTatucrii's in u 
galleiy having a sectional avtfii of 0.58 square meter showeil that two 
safety explnsirra, wliose thiirgo limite was t>00 and 430 grams, re¬ 
spectively, final flt 300 and tit 73 grams. Tlie gas used also exerts 
eonsidernble influence on tlie te.sts. 

Il has been known for a long time that coal dust as well as pit 
gas Is highly explosive. I believe that Engicr, wlien investigating 
explosions in the charcoal heaps of the Black Forrat,* was the first to 
show that mixtures of coal gas and nir, ao poor in gas as to be non- 
inflammable, were rviiidorcd exjjlosive by the addition of some char¬ 
coal dust. The Mining A.ssoeiation of (Ireat Britain took the lead, 
experimentally investigating the influence of coal dust on explosions 
in mines. An iron sbell " fijct 0 inches; in diameter and 1,083 feet 
Jong wax tiBwl to carry out the experinienta, So far it has already 
lieen ascertained ‘ that two scmira of stone dust on either side of a zone 
of coal du.st arrested the path of a flame, and that unless the coal- 
dm zone exceeded IfiO feel in length, no explosive force was mani- 

■ EiiiJn^r^te, ISSTih Na 

* Coal diiHt rsinTtnirents,” *n*c Tiuit*, Septutpber 24, liMJPl, 
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ffsti'd. ilifflii I Hubtuit Jill alii idea, whlcti 1 Iwae on sonii- patents of 
mine Umt havo prt»vecl highly usefulf An absorptbti tower retains 
solid piirlkles etinlflitied in a gas tnixlnre, ntnl also cools the latter 
very efliciedtly, and one of the twist methods forabborplioii has proved 
to be ilu‘ |>riKhlftioii of a fine spray or ini>sl of moisture. It scojus 
rpiite feasible to utiiiKe tertaLii lengths of tunnel for the const met ion 
of invertcfl iil>&r>rption towers at intervals, unci ca-rtaiiily at every 
point where a sick gallery runs into the main or haulage roads. So 
nmrh seems eertain to me fnmi the study of the results of past invea- 
tigalors that a amall addition of coal dust will be found to promoto 
the explosion of [xwr pas mixtures, and that. theTOfore, a sepanition 
of the dust from the gas will in some cases prevent an exjdosion. 

l,aeking definite knowledge as lo what renders an explosive safe in 
lire dump, and iiow tliis is to Iw ascertained, it would be nnlural to 
M»k a siilution in practical resnlL'i. The t^le of an article docs not 
iilivnys deijend upon its real value, but very freciuently on tin; way it 
is advertised imd pushed, whether it is made in the eonntry of eon- 
sumption or not, whether it possesses di said van tapes that raider an¬ 
other less eflicient arlkle a preferable one, etc. In spile of lliia it is 
not unfair to assume that llie statistics showing the fiuaiiiitics of 
safety explosiveti actually consumed in li great con I-producing coun¬ 
try hke (treat Britain have a real Iwaring on the qiitstion us to which 
explosives have given a leasonable anioimt of safety. The report of 
the inspectoTw of explosives for 1007 gives the following highly 
instnictivc figures: Out of a total consumption of 7,764,123 poimda, 
were used, of saxonite, 1,721,103 pounds, or 03.18 per cent, and of 
bohbinite, 1,063,111 pounds, or 13.69 per cent. 

Saxoiiito contains b large percentage of nitroglycerin. Bobhinite 
is a black powder mixture. 

From the inquiry on Iwlthinite" the following table reprditjg 
accidents in coal mines caused by various safety explosives in 19(M 
and b CQ led 1 a ted: 
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It will tliiift Iw tliat a black powder mixture like bobbinite^ 
which would not be licensed in any other count ry and be condemned 
without triflL rjink^ ii^econcl in con^^nmption, used to the extent 


* Eeirort pf the lierflrtiDcntal coounlttce on bubblalse^ LoDdoa,, lOOfT. 
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of 1f 5.7 cent of the total coJiii^iiiiiptiodt ^vliile sii.^onite^ a uitro- 
Ijlj-txn'hi cxpln^iv^:^ ranker ljii?ts willi ^.18 |)or cent of tbe totiii 

Am I tlicrefore right in ^ying tliat we hiiee siiqeeedcid in making 
the ii 2 ^e of eNploivcH in ixad minea infinitely mon; than before^ 
hut th;it we do not really know why? 

IV. 

NitroceJlulose lius fuutiiL u great or sphere of use for pijr|>cjses 
other than smokeless powder or dynumiteK, The cellnJoid iininstry, 
lutrodured hy Uie Urol hers luul tiiure recently the artificial 

silk industry, consume enoritiiMis iptanlilii^. Of ctdliilojcl the UniteiJ 
States priiduce alnjiil [MKi tons [>er nmiinn, Cicrmnny ir>,tWX). and 
iJie rest of the world alw>ui i5,000 tons» of wrliich vearlv total of ‘^4,000 
tons this country prothicesi nlKiut [icr cent^ This iiccessitates jdsoitt 
tom, iif j)lti-(x^ellutnse j3er Liimiim. Of artificiul silk, idsoiit 
*%tKXJ tons arc iiiade niitmally^ though only itl»nt :iQ0 lonn In F]|ig- 
laiidi" The aitiotints iisi^tl for varniHli-esi like [x^gmiioidt fabrikoid, 
etc,^ for luaking or sleeping incaiidcsirent gas mantles, for water- 
prcMifing sulntitjns^ for patent leather {nitroceJlulo^* dissolved iii 
aniyhicfdate, ami with aniline bfaek) and for photography 

lire ako coiisidemljlis The solubility of the riitr^ut-diiiloB^e hi a definite 
mixture of ulhei- nkidiol to the cxluiit of 2 [ht ci^iit either wMty hy 
lio means iLiiiJiifaniant, as this may iiicau KJ |>er cent iiiore of vety 
cxixmsive solvent. IVLcn you consider that one of these faclnries, 
w'bieli 1 hafl occasion to revisit quite recently, makes as niticli sis 3,000 
kilognim-s of silk a day, you w ill have some idea of the sinus involved. 

in nnilher of ihnse ciises is the nilrocelhilose pulpetl^ but the whole 
of the fiber is dissolved. I am afraid piirificatsiui is sometimes not 
tmrriei] ns fur as it ought to w'ith due regard! tn the stninlity of the 
finished celluloid. In the case of iirLiticiat silk the fact that the 
iiitrtR'tdlulosi* is dcnitmlnrd ^'cnis lo indicate that tliorougli piirifica- 
tjon is nniKH.'eiafir>\ but the silk filx^r made from well-stabilized nitro 
c-elhdosv will be found to posse^^i inherent gtiKHi proiierties of its own. 
*rtie same may Ik* said of varnish, although in this ctvse u sliglit 
acidity at certain stages of the pixxress has the advontagi? of rendering 
the riitrot'tdlulose more readily whihle. 

The iiiunufaclure of these iiitri>celliihisefi niso varies in other re- 
sjK»ets;* In dealing with Mich large quuntities eveiyiliiiig is curried 
out exjK'diiicirL^ly ami without much handling. The nitrwelluloae for 

'^Amnnllnp to llT. Rlehnnl tfk^hwane, thore nro at rr^^iit in Kuroec 30 fac- 
lorlcii ttuilonp nttlilcliiS Mllk^ anil ihi^ wotltTfl pnKluctlno In UaiT amonnied to 
3,30a,0t«i knoJ^w^l^ of which l,ri'M>,ooo were lUtrca'elliiloflv ftllk, li3rtnKO0i> 
** CUniiEBtoir/'' and 500.1X10 viscose sUk (Xcue Frelc PreBso* Vliooia. iojumry 
^ IfKHi). 
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artificiBl sUk is not fully dried, but from bi to 30 per retit of water 
is iillowc<1 to roiEiuin in it. 

For the sabc of corn plot cness nieution tiiiist be mHde of the pro- 
(MbMH] use of explosives f«ir uiotive p«iwcr. I well rernefnber hiiving 
shown me at A'lenim. in 187^, ini engine to Ite worked by siuiill cliarg:i» 
of dynuinitc. In onler to sJntw llie aWow of diinj.'er the inventor 
had made the inc.Mlel entirely of wood. Again, fpiile n-eontly my 
adviee was sought rcgaivling the application of smokclefA Jiowdpr to 
flviiJg iiiacliines. Sei'eml patents referring to motors nml i* *ni- 
pressors ilriveii by esphn^ives have been taken out, and one of them 
quite miently.* 

An account of jirogfess on es[>losives would 1x» in«>inplete without 
mentIon of the conditions under whidi they are luaniifactiii'efL 

Tlie late tiol, 8Lr Vivian Dering ilujendk descrrvi-s lasting recogni¬ 
tion for liliving ert-iited that most excellent explosives act of 1875. 
The inllnenee of this act. and perhitps iilmost to the same extent of the 
annual reiwrls of the Rritish inspwtorH of explosives on the arranga- 
ments and construction of hinldings and macUinery. the girneral clean¬ 
liness of the ope Lit lions pei-ffiriu«l, and the security t>f workmen 
agaiiLst iiccklent can hardly Iw ov'erratt'il, and the example Bid in tliis 
country has liceii folloired alt over the W’orld. 

Ill arranging buildings due ixinsidcrntion is now paid to the dan¬ 
gers present on ncixnint of the tint lire of the ojicration and lUe quan¬ 
tity of materials rlealt ivith, I'hc advent of high explosives has 
unfcirtiiniitely rntulc uh atxpiainted with elfccts of exploe^ions unknown 
in the old lamder days, nnd in nnler to counteraet thrsa* elfecta the 
author reix-ntly siiggestetl * the conslmction of danger buildings in a 
special kind of ferro-ixmcrete. The buildiiqEi are so designed tliat 
pieces of burning debris can not [xinetnitc their roofe, and so bring 
nlxuit their tlestruction. .Vt the snnic time the aho<.*b of the explosion 
tran-siiiiltiH] from ii diKtoniX" through the ground will not cause the 
walls to oijen nut. This jiroptwal has been very favorably received 
by n iiiimlx>r of manufacturers, and in stwerui instances Ims ulready 
been adopted. The arinuring of sitch a Imildiiig foiitis a I'lirucJay's 
cage, and renders the whole structnn; ligiitnirig prcKif, Thi.s Ls of 
importiince, siiice the regnlatiiiiis governing the erection of liglilniiig 
conductors have not incren-sed the safety of buildings to any gnuit 
extent in spite of lightning-rod conferences and mvesligations. Jlag- 
azlnes which w'erc sal i-sfoctorily tesictl on the very clay of a thunder¬ 
storm have lieen blown up. and notliiiig short of a cage, or at least u 

• BrEttflh [Xltema. Xoa. (Mt, of tST4; 1^4742, of ItXH; 3S^iTD. of IWM : 22125, of 
IWW. 

* *• Rsploslons and tlie niiDdlni! <)f Explosives Wurtts,” Joiinuit of tJa? Sucluty 
of Cberolval iDilustry, liMlS, No. 13. 
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timiplctt! sj-stciu ol cojiduding network over anti on the buiMingSi, 
seenij; to bo eiEcHoioiiih 

D&ipUo iiJt pm’JiiitionB dijiidi^ters of girnt nuignitude will ootur in 
modern explfisivew workji. This is, no (kmbt, in (hif fim duu to 

the fiief. thot tjOiintitiei) ore nowiidays tniirle it) snob works which were 
iiol dreamed of thirty yeani ago. For inslaace, llic nork-s nt Moiidcr- 
fotitein and Somerset AVesa produce annimlly over 10,000 tom of 
ciytintiiite, and several other works niii them very close. Such an 
enormous output requires n very considerable number of hiiihlings, 
and consequently the chance of damagt' to life and proiwrty is greatly 
increased. The coiistniction of factories has, on the other hiintl, pro- 
ccedetl on somewhat urthodoN lintst, and not nlwiiys, perhaps, with 
due regard to KijlKlividing and minimizing risks. 

Another reiison for such catHstrtjp])es is the want of ajjprecitition of 
certain iniierent dangers. 'Hie author lias alwEiys wiiithkI mainifaC' 
tuivrs and nsera alike that the function of an esplosive is to explorle, 
and til at although certain com [x&iti oils arc almost insensitive to ordi- 
nary impulses, sncli ns blows, friction, etc., yet he never believed that 
any explosive existed which under favorable conditions and by proj 5 er 
means could not be marie to explode. It is true that rsuitineiital rail¬ 
ways oirrj’ certain e.xplosives, like amnionium nitrate mi.xtnres. by 
ordinary goods train, and the author lielicves this tit be an example 
which might be quite safely followed by British raihvay companies 
in the liest interests of the public: Tlierc is no danger attadied to any 
of these explosives when in the safe custorly of a railway van, «tid 
when they do not come into contact with dangerons goods. 

Yet another warning to numufacturers may not be out of place. 
Special attention must be paid to prevent any sccnmnlatioii of dirt in 
places liable to exposure to heat. In the French powder factory at 
Salnt'M^dard the explosiion which occurred in ISfl'l could be clearlv 
treced to gun-cotton dust lodging in the joints and cracks of a woollen 
workshop.** Do factories even now take every precaution to prevent 
the accumulation of dirt of this kind! The aiitlior has reason to 
doubt it, and a deun-up at a factory which he witnessed a short time 
ago was quite an eye-opener. He can only warn thiise conccnicd that 
every building where e^xplosive diiht can be pitxluced, and every ap¬ 
pliance and utensil therein, should bo periodically and thoroughly 
clcBJised and overhauled. Imagine a drying tray, covered underneath 
with ranvn>:. on wliich gun cotton or powder is dried all the year 
round, ajid ask yoursieUes what the chemical stability of the dust may 
lie after a year’s exposure to a tempernture of 40* C, {some fectoriM 
dry at 50* C.), and wlielher a material dried on such a tray is fairly 
treated. 


" .Memorla] (lt<a I'uuilnm et ^oljjMtva. IKW. n, 7, 
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Ncnviiduy!^ m\ t'spbsivfs fnctory inconceivable without dcc- 

trJc Jigrht and sainall motors near buildings or on nmchinrs. while even 
Uio opemtion of drying sendtivo oonipo^illonift h jjscrfonuod by elee- 
trie miistunces swerving as a perfectly adjustable souree of heat. 

McaicrJi ex|jlO!aives have, on the other imtid, iutrcalncrf^d electrical 
dangers? tlieinselves^ Iti the first lecture the ]X)^bility of firing a 
pres?! chflrg:e of Uhick powder by static elwtricity eollei-ting butiveen 
clHinitr prtLss plates was itienlioiieth Mirocellidose is electrified by 
the current of warm air paissing over it when drying, and the neces- 
sairy earthing urrangements were tir^t pro[KJsiH] by Mr, Walter F, 
lieid, and iin nniiiy eiisc^ enjiccially designe<J hy the author, iUxiiig 
ijiachines for blasting gelatine anti smokeless powder, especialiy tlitriO 
pnjiidiHl with re very ing gear iind kd Is run uing in up jxisiHe directions, 
liave lanm known U* give long sparks niihw pi'(j|N*rly i^irthed. Tliis 
was retiiedied at IValthain Abl>ey liy sutamtiug llie Indts w ith glyc¬ 
erin. Tlie pimder itself during nionipnlatiori will generate elec¬ 
tricity, Ether vaiKir given oJF frtau smokeless [niwder and mixeil 
wilJi air cun be timl with a ver 3 vsinall spark, and special care should 

taken in pix^veiitiiig its fomiation* 

'rile rnanufactiire of high exjdoidvesi setans a ^iinple oja^ration even 
to experiemvd cinaiiist^^ and the daiigei^ attending the jiriaahis np- 
pwipi tu be the only diflkuJty. As a mutter of fact, It bristles with 
dJfiiriilties. A ginx] many hove already ticpn mentioned^ anti a few 
additional and B]>eiua] |adnU are worthy of mdc. 

GJytt*rin hi n unifomi, easily purified subslant^e, and its nitric ester, 
nitrugl^'ceriiu although sensitive to a blow^ e±ipeciiitly when rrt>zeii, 
is El cheinically stable espJosiv^, tame and Imnw^tl for the service 
of man, Mtv^t jiitro comixi^undU of iJic aromatic weries have very great 
cluMiiical stability, 

PuTic acid JH a tmicrhernuii snljstance. It h very pow^erfnh but 
that is its only recommendation. Those who Use it may be usphyxi- 
atini hy the fumes of a prematurely exploding slint| those who are 
firetl at sometimes rejoice wlien it failw to explode, ft requires special 
niixturcs tn avoid melting at high tempenilnre^, and it attacks iU 
metal i^iitjiinert fonmng a dangerouH picrate- As an ingredieot of 
ill her exjdosivcs it is iiseless^ since on arctnint of its acid prufjcrties it 
reacth ujjon t!ie oUier ingredients* Moreover, it is capable of di^ 
placing other acids, such its nitric acid in nitmtes^ a disagreeable 
pi-ofNerty which some patentees have found out to their cost. With 
Moniaigiie., 1 hope thfit we shall one da\' give up its 

A more inconvenieiit tnaterinil still is nilrowjttoiL As aLreqdy 
statedt cotton is one of the most complex snl)stanc!t^ known, and for 
j^omc unexplained reason we have been in tJie Jinhit of using it after 
an ilblrezitmcnt following upon an undesirable state of cleanlinesa. 
At the best^ however, w^e have an almost iincontrotlable substance in 

HS2£I2^AI -30 
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ion. It {ft 111 siirh a loose state of iH|iiilikrh]m that the siight- 
t.>i rearlian will its ha lance. No wonder tluit when nit roed In¬ 

line ismi^ed with ti n (31her esplosive like nitrij^lyci^rin to form ^oke^ 
lew? powder it liccumo^iH loss reliaUki^ iiud acts detrimentally on the 
altro^lyx^<rin. This h iiocvntinitnl still more in the pR^niT! of 
aooiher difitiirbing: factor, such hent or ati alkiili. It Is n fsict that 
niiY alkali^ however ivcak^ will ^'‘rinJiuilh* safumify the iiitiiJccUiilosis 
and lilt bough dangerous decomposition would rarely ?ct in. a bn^■| 
heiit may rein It and era use the tiilroctdluhise to destroyi’^l by 
the fiiithoritiesL t'halk in wtitrr h no exception to this action. 

The case is very mneh aggravated by the action of heat. It h 
well known that properly purified gun cot ton has ijeen stored in all 
climates without giving rii^ to alarming decompfisitjon. even whan 
the tem[>fratlin^ was above the iionnaL Xitroglyecrin and nitro- 
cclltdofie„ tioth of which will by themselves a pcitassiiini tea!hie 
heat test twenty minuter, nmy^ however, when tnUed, nut 

Ktand more than ten mimil&5. It is a convenienl excuse to my that 
this h due to an nllcration of the phyiHicnl ^tatr, but no proofs have 
been given for such an assertion* and I slioukl }>e curious to hear of 
tlienn 

nie amount of nitrous acid rrfpiiml to color the test pajier is so 
email (according to Will* it h only 4X ItJ ^ milligfiinis, equivalent 
to 0,000001G per cent, or about 1 in (50,000,000 for a sample of 2.5 
PTtius) tliitt wliittevcr its physical state, there wnttld alwavi^ be 
rnongh material exposed on the to give off tliis qiumlily of 

in regulation time if the explosive were of a low ornler of stabih 
5ly. Tliere is much niore justifieatiem for supjiosing that u chemical 
I't^ction goes on lietwcen the nitroglycerin and nitn^celhilose at the 
clevatfMl temperuture of the heat test C,), the aitrinx^luhise being 
firfet decomposed,, and the nilroija gases <leveloped reacting on the 
nitroglvcerin and thus accelornting the decouiiwsition. 

^Ve next come to the treatment a p£m“iler uudtangoes during mami- 
fat?hmv TVliether passed under stramdieatCHil or bigh-pn’^^.'Siira rolls, 

ether kneaded for hours in a mixing machine, squeezed fjDin si die 
with an nnnot'essar)* amnimt of pressure and frictinn* due to a flefwt 
5u or bnd construction of the die* whether it be dried foi^ weeks ami 
*i^onths at temperatures far above the normal, everything tends to 
destroy the equilibrium of the nitroirelhilose. Years ago the siiiihor 
flowed that tlicre is a crilicnl |3oirit for mixtures?, such as hlasting 
gcJatlnc or smokeless pow'ders at cir about 45® C, yet during manu¬ 
facture Uiii^ temfKsraturc is frequently approached and sometimes 
^iXceeded, 

•tJr, av, will. ^ Uutcn*iu4nTni;m Uher file KtatifilttUt vuii NttruwcUiilci*^ — 
Dcr ifneniauetaiul Jer ^'lt^aceUulcw hi iiiiatiUtflitlver Ih^lebuBg/' 
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In some wuQtries the boat test is sti!) carried out at a ten«ijcrntnre 
of GS*" C,* and if the GxpJosiw stands it for, say, thirty aiimite?. the 
result is ttuisideri'd satisfactory'. T^ct liow often Iiare avu seen this 
teiii]}eratt)re attaiiml during;: matinfactiiring operations, and maiii- 
lained fur hours! Is tliis reasonnbli't 

e will assume now that w'c lini’c Ittkcn oi’eiy precaution to manti* 
fnrtnre an expiosive which, as rogiirtls purity of its ingrwlicnts 
and as n-jtanU care in its prepanittoit. team imtliing to be dcsinH), 
\Vc Arm- told everyAvIiene until alanit ten years a;jo. an<l are still told 
w in thiscuuntp', that the exjdosivc must Iw heated to a tempctcitiirc 
A'arying from (35" to 82® C, AA'itlitiul deA'eloping sufBcient nitrons ai'id 
fumes AA’ithin, sjiy, ten minutes to i-nhw imtassiium iodide paper. 'I'ho 
vagaries of this ti!St arc very amusing. ElcAm years agtt* the author 
was the finit to sIioav Iioav it could Ite masked and falsiiieil. 'Hie 
iwtassiiiiu iialide paja-r iLsclf is an uncertain fuctor. (Ireat piXHSiu- 
tiuiis iniist !» taken in its pi'epuratiou, while the thickness of the 
pafK-r is such a tlisitirhihg factor iliat tlie papt^rs from one ofiicial 
source give u t«-t nearly double tliuw from another. 

\«riotis fitlier testa on .similar lincis have I*w*n proposed to replace 
the (Kitassium imlidf test, hut not one of them is a true test of stabil- 
i ly. The pot a asi urn iodide, or t lie d iph eny la m ine t est, t f ul iv a vs car¬ 
ried out under identiral conditions, are gooil enough os a rough check 
on file man 11 fad lire. They do not, UoAvever, show Avhether tlic ma- 
terijil itsidf is so ctinslitutcil aa to remain stable. This is. iierhdtis. of 
-small imjiortance in ihc case of nitnoglywrin or an aroiujitic nit no- 
comiHiiind Avilh their relatively simple struduie. Imt it U all im 
portniit for nitrocellulose, where the lieat test in the opinion of most 
exi»rt.s Ls of lit tie value as « criterion of the Hnished art iele. I n oixler 
to judge of stability, the critical point at which an explosive breaks 
doAiui must found, and it is also neceisarj' to deterniiiio whether 
AK:on.positi«n proi-e^s regularly or at u dangeinus m,J inorea.si«g 

r* r n il” ! pushed. .V number of tests have ta-eii proiKKcd 

to fidtill these comlitioris. They are all based on the princfple ih^ 

I small ipumi.ty of expWve is heatml to a tempernture which causes 
decoiiijaisition comparatively quickly yet gives suffidciit time to dif- 
erentiale residts. In France this tem[>eralu[c was lUJ" C but all 
llSy C.^"™ “destruction - tests am made between iW and 

thTevi^^t^. ■ 1 is to heat. 

Iw explosiAc in long glass tid»s immorsed in a bath of amvl alcohol 

I^Aided AA ith u reflux i;ondcnser , and to note the time that elapses 
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a distinct t.'olctratiaii in iht* tuk is obwervet]. Thi& uiutluxJ com¬ 
pares v<?ry fai'orably with all others 

As I fmiiiciilly iiiptittoticd, tlio duration of the heat test is priic- 
tlcally halved hy a rise iu temperature of 5* C,, and Will tins con¬ 
firmed this hy proving that the volume of puses evolved is ilouhled 
at the same time. This is. however^ only correct for tenifie rail ires 
niKive 43'» C,. the critical |Hiinl for nilroeellidutfe. Ikdow 40® T. the 
diirahility of an explosive profierly preparf'il with il iticrepsi.*;} excoetl- 
inply rapidly, and it may be safely assumed that under 20^ th ilrf 
stability is peminrieiilly assured. 

This euiiteiition hus bi'en pnmal in praclire. The luithnr docs nut 
know uf a single aiUhenlinited insttiiu.tT uf decoiuposit ion in iiii ets- 
plnsivv tiiugu^^ijie where the teni[K.‘rnture has lieeii kept within the 
jterniLsKihle limit. 

'J his simple luts-antion wfi.s, liowevt'r, neplwletl iu a giiud tniiity 
mstaJieeii hy Itolli mivnl and niilitarv aiillioritles. It was and still is 
(he preclicc in meii-of-war to an-iuipi^ (he iiriimiiiiition store-s anti 
jiowflcr magnrdiies in cloise proxhiiity to hollers and engities, fre¬ 
quently willioiit any viiiitilHtion, whilsfi at liiiics explosives of mII 
kinds are stored together. Foiirtreri years ago* (lie author discussed 
this iirrengenient. and drew ntletilion to tlie tliingt.>rB un.si(ig thei'G- 
fitmi. A doKim explosions on uieii-of-war autJ a disaster like that mi 
tlu‘/r«tf oeiniired before an alanii was raised, and now nil navies are 
hurrietlly installing refrigerating up|iaratiis. This ia all Tt'j'y well 
fts far as il goes if the macliiimy does not break down at the critical 
moment t hut can not designers of war ships find nnotlier place for 
ammuiiition f hy g*> to the length of nil sorts of precautions when 
it should not lie imposaihle to remove the cause of deterioraliuti 
iilUigidher? 

This misplocingof ummunition stores is only slightly udiigalt'^;! hy 
the fftct that twenty yen re ago the maiiiifactnrc of suit ikeless? powders 
had only just begiiii, and noboily knew umdi nlxiiit them. Woreo 
than this, how'ever, was the action of many govi'i'nuicuts in at once 
erecting their own powder works, without any exiierienre in tlie iiianu- 
faclure of niirooomjHmmis to gn upon, arnl relying entirely on what 
private manufacturers enn-d to show Uietii, and on what they them- 
reives could find out hy exi»erimentiif. f^time of their powders mode 
lifleeii and twenty years ago are still in senkv, and ore now the 
tjiijpi'ta of ^u8|iiHun. 

It is, nevertheless, not fair to throw the whole of the blame on tiie 
explosive charge. Mow would the priming and delonnting ciimposi- 
tions ured in gtin charges and shelis k*have tmder iinfavorable cir- 
rumstaneef?? Fulminate of rnercuty, potnpsiiitn chlurjite, sulphur, 
antiiiinn ypentasiilphide, pk-ric add, and other ehemitab are csoti- 

” Journal of tlie Suclety of Cbecilctit JiiiJtaitrr, tsot, p, bSS. 
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Ijitnpd in Riich comp^itton^ jiiid it is open to r|U^tiiit) wliother proper 
lest^i Mte JihvnyB camnl tint us regards their purity iiud stability under 
all conditions. 

Fearing the lack of stability in sniokeli.'S? [lowders, which Iti the 
early days of tlirir manu fact lire was not without justilicatioti, in¬ 
ventors liegiin to look around for so called ** stabiliseere ” Quit ifi to 
say, additionnl ingredients, which would neutraliw the nitrous arid 
liberate<l on deconipositioti. Some pcfiplp thought that if a little 
etiier ulcohcd was left in tlie powder it would act as a atahili^crf and 
in order to prevent the rapid escnpe of llie solvent on stonige. a 
little amyl almhol was added, thus slightly miring the boiling point 
of the solvent," As a matter of fact, this would merely constitute 
absorptifin of the nitious vapors, hut would not prevent their bring 
given off again on heating. 

A U'ttei- plan i» the addition of “ stabilizers,’’ which would form 
stable conipmnds with the nitroiLS acid; for iruslance, amline, which 
the Nobel toctoiy at Avigliana used in their gun cotton twenty-four 
years uml which both they and the T till inn Government employ 
for wirvicc ballistile. Diphenylaminc and, it i» said, vaseline would 
act in a rimilar way. The Ktable coni[>oundB formed from stabilizers, 
like amidoii/olMui^o] and other aromatic nitro compounds, retain the 
nitrous acid, and lima tninsforjii the reaction into a slow and regular 
one. w’hicli kis‘ps the powiler in giaal condition a.s Jong as there is any 
J^laliilizcr left. The length of time a powder reinatiiH in good condi¬ 
tion w ill therefore only depend on the ])ro|>t!r constitution and tii n mi- 
filet lire nf the powder. 

StnbiliMws, like dijihenylaiiutiis and aniline, wuU also reveal their 
presence as soon as the ptiwder goes wrong, since tlie compounds 
fonned with them by the action of nitniiis arid .slmw as spots nr 
alriiws of jjeeuliar colors, varying either in shade or intensity as de- 
com [Hwi t i nil I>r( ■gnKs\‘i. i n ce 11 le Frencli con i n i issioners on the 4<ui « 

accident enipliasiiari this fuel, already known in Gennimy mid Italv, 
ereryliody speaks of “ n'viilatcnns,” the addition of an indicatur, is 
iKung a pmiawii. As a matter of fact the nutlior consider it only a • 
nmllcssly nlarming arrangemciit, like an alarm tliermomotcr, and 
nmiecess.ary with n good powder stonsl midcr proper conditions, but 
which would cause commiiiiders of wurs]ii|i 4 i to nervously watch their 
stores after the faintest indication, without giving them any renietly 
in ntidocean. The whole idea is not new, Laving been patcntol bv 
Nidiotsoii and Price in IS'L* 

Uhat we must aim at is an explosive which is durable and slahlc 
under all nrilinaty conditioii H of use, and even under some extruor- 

"Cbjimlin* ihw IkHaittn, 
rJcBft." Parta, 1007, 

"Dpltluli jkoteat Ni>. of ,ScTitemlH‘r in, 


rtupijon Hur li>* ciinN'S ile la catasln>|iUi‘ Oe 
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(Unary ones, Just as in ilie ease of ihe old blnek powder. In ttic 
author^ opinion, and Ijis view is shaml by very eminent colleagues, 
therc^ can be no doubt tliat Jiitrocotton (and for the matter of that 
any other nitrocreUuIoee) is not a suitable iDgrodient for a service 
powder. Having built or reconstructed a number of works and seen 
(jiiitc half of all thus* in Kurope, he ventures to 3 |>Bak witli sonio 
irnthortty. Let us again recapitulate its defects. Slade from a 
materia] ivhicb is must complex and liable to form unstable com¬ 
pounds, we elect to use it in a form which can neither be clean, nor of 
uniform growth, nor even of constant composition. The conditions 
of manufacture are such (hat in the altscnee of very Special precaU' 
tions the nitrocotton retains unstable corn pounds and is liulde to 
decompose. Under the iiilluence of heat, of certain additions or in¬ 
gredients, of unsuitable treatment or friction, the nitrocotton may 
ilecoiiijMK* itud react in a progresdve luiinner ujjon the other ingre- 
dk-ntjv It nK|ijires a solvent in onlcr to Ih' hronghL into ii physical 
state wdiidt will permit the rale of bunting of the powiler to be regu¬ 
lated, 8nch solvent, if volalile, ret|ijircs prulongi^ healing to drire 
it off as conipletely as possible. This iieating helps to shorten t!ie life 
of the jrnwder, and any solvent remaining behind affects its ballistie 
properties, Nitrocellulose is not a nriiforni oomfunmd by a)iy means, 
ond it is almost impo^ibte to tiiakc sure that every batch shall have 
the same comiiosition and efFcct, The latter by no means deperidB on 
the percentage of nitrogen being the same, thoiigii tliis condition may 
1*0 fulBIled by suitable lileiiditig. h’or instance, a nurture of soluble 
and insoluble nitr<K*)lutose would not have tJie same effect us a 
nitrocellulose jirepanul direct, although each may contain the ssnie 
(M-nentage of nitrogen. 

The (]iiestion will naluniUy Iw asked, Ti^liat will be the |Hjwdcr of 
the future? Jf we may venture a prophecy, the future lielnngs to a 
stable nitrocompound of tlu* aromatic series, perhaps in conjunction 
with iiUmglycerin, Such tiitrocuni[K)unds hare aircady been [umj- 
jiosed, ttiul sooner or later one will be found that meets all resjuirtt- 
monism Although every service will Ihj reluctant to make a change, 
yet having learned to apjireciiite the value of scientific reset)reh, some 
govemnient will be sura to make u bold plunge, when oil otbers will 
souti follow suit. 


RECENT RESEARCHES IN THE STRUCTURE OF THE 
. UNIVERSE.- 
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I wnRider H nii tiiietimmon |tru’iJegi‘ to lectora on tin* structure of 
the univcrsj in the eoiintry itf tlie Ilerscliek 

Even now their wJeljrated gauges are iiririvaled, and they still 
fomi one of the Importaut eletiietUs on which any theory of the 
frtoJhir system must bo hutiod. 

It is well known that the plan of lln*se gauges consisted in direct¬ 
ing the telescope successively to iliffcront p4ilnl3 all over the sky, and 
sidiply counting the inmiher of stars visible in the field. 


i*,^niTr IK TiJE aspejCt ot the sky. 

Tlierc is one fad eJcnrly hrttughl out by lliese giiuges to which I 
must call your attention, ll is that in the outwanl apjiourotico of 
our nightly sky, as seen with the teleseo[>c, there la a great regularitv. 
In the Milky IVay, that belt which we see with the naketl eye 
ciicireling iho wliole of the firm ament nearly along a great circle, the 
nutnlier of stars, as swn in Hersehers SO-foot reflector, in enormous. 
t)n Iwth sides this apparent crowding of the stats diminish^ very 
gratliiully and regularly, till near the poles of the Milky Way wucome 
u% jxiorusjt purtis of 


YAfllATIIJN WITH HA LACTIC LATITCJJE. 


Let us look at tliis pheiit*rn(»noii i^niowhat more clns^^ly* If we 
ilirMt our telescope toward the part of the Milky Way iieiir 
Sirius, and if from thiTc we gradually work up toward the North 
Pole of the Milky Way In tlie constellation called the ^Halr of 
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^rciilce/’ wc ifitiaU cleurlj jx^rccive ihis gradual atid irgiiliir change 
in the number of Mttirs. Now, if wc repeat tho same process, be¬ 
gin ning from some ntber of llie Milky \Fny, say in Caasiopein, 
or the Smithcrii Crojas we shall find (but, not only is*(here a similar 
grudiial chaiige, but we stmll approximately go through the satno 
changes. 

tmiJi T.1R1ATIOX WITH njtlMU'nf ijOSOIlTDE. 

At the Banii* distance from the tililky Way we shall find approxi¬ 
mately the same immljer of stars in the field of the telescope. 

Put in other words: Tlie richness of stars varies rcgnlarly w*ith 
the galactic latitude; it varies relatively little with the galactic 
longitude. 

Imitating most of the investigators of the ^eilnr system, we will 
therefore disregard the longitude and kc<*p in view only the clninge* 
with the galactic latitude. In ronlity this comes to iHdng satij-ficfl 
with a first approximation. For, in reality, there are differences m 
the different longitudes, especially in ttie Milky Wa^* itself. Hut 
even here the dilTerences are not so great as seems coinmoidv to be 
siip]Hised. Tlierc is every reason to Ijclieve. therefore, that our ap¬ 
proximation will Ijo already a tolerably eltwc one. 

■r 

sTBt-rmiE. 

Afpnnwhilp irhftl tli6 ] [vr=i<*lipl tpuch us is only rpJntive to 

tliD niitwitrrl np^x^uraiipe of the sky* WHiiit is the real structure of 
the stellar worhl? If we see so many stars in the field, with the 
telescojM directed to the Milky Way, is it they are resilly more 

closely crowdetl Uirrcp m J^lruve tliinks, or ig the view of the older 
Hersclud correct, who imii|?iiieii that the praitcr richness is simply a 
eonsei|ncncc of the fiict that wc are toakin^r m deeper Iiiycrpi of stars[ 
tliiit oiir universe is more extensive in the Milky \\"qy than it is in 
other direct ions? 

linn^ne thiit wc cntiltl actiialiy travel tliroiifrh space. For in¬ 
stance, iiiin^ne that first wc travel in the direction f)f the constella¬ 
tion CassioiMiia. If we travel w^itli the velocity of li^rht, not so very 
many years would pass before we get near to soaie star. Proowding 
on oiir journey for many, many more years^ always straight on, we 
will pass more stars by and by. Ho^v will these stars loc»k thus 
\dcwH»d from ii nuxlcnite distanceh-f^y, from a distance as that of 
the sun? 

ill they all Ije found to be of equal In minority j as Struve [ime^ 
tically assiiiiieill And in this I'TiSi' are they as ImalnptLs as our sun, 
or more so, nr less s^cj? Or are diey unequal? 
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If so, how many of tliem are brij^hrer than onr sun, hpw many 
fainterf Or, to lie more particular, iiow ninny per cent of tho atars 
are iO, 100 , 1 , 000 , etc., times more linninoits than our sun? How 
mariy are equal to the sun, or 10, ItX) times faiiitor? Or in two 
words: What is the nutiire of the mixtnro? Or, liLstly, what is the 
niisuire luw of the system of tlie stars? 

And rnrtiiermore, in traveling on shall we find the stare in realit)* 
equally thickly or rather thinly crowdH evorywhere ? fJr shnJl we 
find E.liat after n certain time, which may Im mnny centuries, tliey 
Ix’giri to thin out as a first warning of an ajiproiiching limit of the 
system? Tp there really such a limit, which, once passed, leads us 
into nbysacsof void si>jiCof 

Mersidiol thought there was such a limit, and even ininginod that 
his big tclcsonpe (wuftrulod to that limits that, is, lie bssihiiwI that 
his telescopt' made even the rcniotost stars insible. On this supposi' 
lion is bastnl his celebrated disk thc<iry of the system- 

Agaiii, wo may cmulunse tUese questions in tiiis single query: 1 low- 
does tJie cixjwditig of the stars, or the star density, that ia the nuiuber 
of Slurs in any delcnuinod voliiine (let us say in a cubic liglit cen- 
tury) Vary with the distance frotii our solar system? 

But there is more. \Vc supjmsed that our jnurney went stral^t 
on in the direction of Cassiopeia, wjiieb is in die Milin^ \Vay, Whiil 
if niir fouriiay is directed tn t1u‘ l^leiftdos, wliicli are at wmie distant 
from that IjoU, or to the Xnrthern Crown, which is still farther, or 
(o the Hair of Beivniee, which is farthest of id] from tho Jliiky 
Way? For different regions equally distant from the galasy we 
have seen that outward iippi.<amnces ore the same. tVe may admit, 
with much probability, that in spare, loo, we won hi find iiftie differ¬ 
ence. 8utiiniing up, tlie prebleiu of the structure of the stellar ^sleni 
ill a linsl iipproxifiiation cornea to (liis: 

St.atkmkst or BnoiiLtir—To oRTEnMis'i:, kir RcoiOTfa or 

nlKFEHKST nM.MTnt' L-lTlTnn!, lii WUICII WAY TJlfc STAa OUSSITY 

AHU 'll tv. MlXTC-aiJ VARY WITH THE IHSTAXCF. mOAI THE SOL^iR SVHTEll. 

I till Ilk that there U well foiiutlHl Impa that, oven perhaps within 
a few years, siifiitietit tiiaieriahi will be forthcoming which will allow 
us to attack the problem to this degree of generality, with a fair 
chaitre of success. At the present moment, however, our data are 
yet tcyi scanty for the purpose, Still, tJiey will Is' snRicieiit for the 
den vat ion of what mtist be in some sort, average conditions in the 
system. Tlie methyl of treatment will not Iw esiicntinlly dilTcrent 
from that which will Iw applied later to the more general prohlein, 
blit wo have provisionally to Ixj cfmteiit with introiliicing the two 
following aim pUlicat ions; 
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BESTBICTIUNS. 

1, <? will {L^imc that tilt mixture is the same thrnughoiit t!io 

w])uh> of Uie system; 

lit We will not treat tht ilitTijreiit ^lactic latltiicles separately. 

Tlio oonsef|ijence will be that the reaiiltinjj vnriatioDS of density 
to which our discussion leads, will not represent the aotmil variations 
wliich we Would hud if we traveled in space in anj' determined lixed 
direction, but a variation which will reprctseiit, some ivv'era^e of what 
We would tind on all oiir travels if we successively directed them to 
dliferent regions of the sky, 

Aisfri.iFif:i» raiiiii.Ribr. 

Oiir present problem will thus Iw confined to finding out: 

(o) 'I'he mixture law, 

(6) The moan star density at different distances from the solar 
system. 

T f time allows I will, at iho end of this ledure, say a few words on 
(lie restrictions intrcxliiL'cd ami the way, to get rid of them. 

As it is not given to us to make such travels thmiigh spjnje as here 
imiigined, wo have to rely on njore hunmu methods for tlte solution 
i)f our prohlcm. 

DETEHiriXATto.'i or niBTANtU. 

It is at ontJe evident that tliore would l»e no difficulty at all if it 
wen; as easy to deteniiine tlie distaiu'e of the stars as it is to determine 
the direction in which tliey stand, Tor in that case the stats would 
lie Itamltiwd in space, and it would be possible to oonsimet a true 
jiukIcI from whidi the peculiarities of the system niighl la* st udied. 

It i,s 11 fad, liowever, ilmt, with the exception of u hundred stars at 
Bifistj we know notliingof the dblanccsof Uie individual stars. 

Whul is the canine of this state of things? It is owing to the fact 
Hint we have two eyes that we are enabled not only to perceive the 
direct ion in wliicli external objects are situated but to get an idea of 
their distance, to localise them in siuxco. But this power is rather 
limiteil, I'or distannxs oxct3c<ling some huudreda of yards it utterly 
fails. The n^ason is that the distance lietween the eyes as comjiared 
with the distance to be evaluntetl liccomes too small. TiL'-lrnments 
have been deviseil by which (lie distance between (be eyes is, as it 
were, ailifidally increased. With a gotid instrument of this sort dia* 
taiicos of several miles may be evaluated. For still greater difitanoes 
we may imagine each eye replacwl by n photograpluc plate. This 
w^oubl even nlrtady be (juite sufficient for one of the heuvonly bodies, 
vi/, for the niwn. 

At one and the same munient let a jjhotogrpjjh of the moon and 
(he siirrouniiiiig slurs be taken lx»th ut tlie Cape Observatory and at 
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llio HoVdl ilbsi'riulnjy at (irceiiwith, riuciiig the two pUotogi‘Lii)li.s 
«itle by iiitle in Oie srtojvtiticojn', we ahall cleiirjy see the iiioon “ liafiging 
in space,*^ and may evaliiate its iliijtAricf), 

liu( ali'eady for the* sun and the nenrest [)larieti^, our next neiglibori} 
tJi the universe after the moon, tJie diflieiilty reeommctives. 

The mosoii is that any avaUublc didimce on the earth, taken as 
eye distanro, is rather small for the pnrtxise. However, owing tc> 
iiiciedible persevertinoe und skill of several observers and by aiibwti- 
luting the most refined measurement ft»r sterooseopic vxaininaiioDy 
astronomorH have aiiccoednl in overcoming the difliculty for the sun. 
I tliiiik we may say that at present we know its distance to witlnn a 
thousandth purl of its amount. Knowing the sim’s distance we get 
that of id I the planets by a wcU-ktiow n relation existing between tlie 
planetary distances. 

Hilt now for till- H\ed stai-s, which must lai hundreds of (boiisands 
of times farther removed than the sun. Tiierc evidently <aiii lie no 
question of any siillicient eye distance un one eurtli. Meanwhile our 
.siKX^ adth llie sun has provided ns witli n now oyc distance *24,000 
times greater than any possilde oyc distance on the earth. For now 
Ihul we hnow the disLaitce at which the earth travels in its orldt 
round (he sun, we can take the dinnicter of its orbit as utir eye 
ilistanee. Pholograph.H (aken at ejMclis six months apart null repre- 
si‘nt the stellar world as seen from imiots the distance between which 
is iilready liest exprvssetl in the time it would take liglit to tniverso 
it. The time wutild be nljoiit sixteen minutes. 

However, even this dLstance, immense as it is^ is on the whole 
iniideipintc for obtaining a stereoscopic view of the stars. It is onlv 
in quite exceptional wises that photograph-s on a large sciilo—Unit 
i-% obtained by the aid of big teleseoiies—show nny .slereoHcopio effect 
for fixed stani. lly accurate meusurement of the plmtograplis wo may 
perhaps gel someubaL beyond what wo enn attain by simple stereo* 
acopic itisiieclion, but, as wo so id a moment ugt', astronomers have not 
succeeded in this way in dotermin’mg the distance of more Hum n 
blind ml stars in all. 

How far we are still from getting gootl stereoscopic viewa ujipears 
clejirly from the stereoscopic mapfl which your coiinlriminn, Mr, 
Hculli. constructed, making use of the data obtained In the wuv pres¬ 
ently to be considerctb In order to get really gootl pictures, he found 
it necessary to increase tlio eye distant furnished by the earth’s 
orbit times. 

SKmON or SOLi-ilt SVSTElf 'TMHCllTClI SFACT!. 

Are tliGret tlien^ no of atiU inerefisin^ eye distance! 

There is one way, liut it is a nither imperft'ct oiie. Sir William 
Hci^schel has been the first to show, though ocrtaluly his datu were 
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hUll liiirilJj- suEeitnt fur the piitpose, Ihut tiie rt hole of ilie fioI«r sys- 
tejti is moving thru ugh apace in tiio directjuii towiux] tlie t-OJistelliilioji 
of IIc«uleii, Later observations and computation; have confirmed 
flersche] s condiisions, imd we have oven boon hIjIr of late to fiit with 
wiuG ptiedsion. the velocity of ilus motion, wliicli nmoimls to 20 
fnJometere per sewnd. Tiiia velocity is a housendth part of 

the vdocity of liglit. Iji the ong hiiiidred ami fifty yonra clar;isdd 
ifiiice Bnulley determineil for the first time the position of numeroas 
stare with mmlem prociirion, the solar system mitet thus have eovereri 
a of exactly a hundredth jiartof a light 3 'ear—i.e., we are thus 

eriabiLH] to make pietiires of the sky as nwii from points of view at n 
mutuft! diKtance of a liiimlnBcIth of a light j-enr Qnr eye distance of 
^teen light minutes is thus incresised more tbnn tUrvo humlrcfl fold. 
True, tins disUnw falls still consiilcrubly diort of that adopted bv 
Heath, but it appears that, for a eonsidgjuhlu part of the stars, it 
ihoiigh not nearly sog^at as miglit Le de^^iriHl, still in u certain wnv* 


tsiPoteumniTV or nKTEEinsii-o msTANm; of ison’intrAT, riaiis. 

There is, however, a dilliculty in the way, wliidi prevents mir pic- 
lures from ginng a strraos«»pic view of the stare at nil. and thus 
p^H-ents the dcteri in nation of the distance of any star in this manner. 
The difliefilty k tliat the changed clm-ctions in wliii-h. after the Ihitsc 
of ono hundred and fifty yeure, we see tlie stare, is m,t e,xelusiveiv the 
consisiucnce of llie sun’s motion tliroiigSi space, hut is ilue also* to a 
reo] motion of the stare thr:m;.dves‘. Tiie two causes of ci ispia.H-meut 
which, It. the ease fJiat we hike the diameter of tbo earth’s orbit as 
iye-.iistanee, are Separable liy means of a simple devico, become 
jQi^pumil'll iti t!ie ruH**, 

fti onJer to si't* whether tins difticilty lor or tje not aljsolutcly in- 
fnjjieniljle, T vvilJ lEik(* n pumUe! iin t|io 


nj-‘^ANf:(4 jnskct nxiiu. 

At a certain distance we oljserve a chmJ of insects hovering over a 
F5iiiiilJ pond. lit ordtT to L^vaJuutf^ the tjLsiaiidc sopiLPating the 
from mir eye, sup]x)*i that we make a photogreph; then, after o'^few 
seconds, a second one frem a slightly different standpoint. It must 1« 
ovidcnl that even if wg have tis^l an inrtrnment wliidi dearly shows 
H.e individual insects, the two pictures put in the stereoscope will not 
furnish a stereoBcopio view of them individuallv; on the motrary. 
the picture ns seen in the stereoscope will bo perfectly dmot ir. The 
reaKoti, of is that in the interval between the taking of thi- two 

photogniphs the insecU h.uve moved. it follow that an evalii- 

siujii of tlif <:fin ho obLihioil? 


stbl'cture or tub trNit'ritsE—^ kawevn. 
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The afiBwer must be, of (iny LndiiiicJniil insect, no; Unt of the elotul 
as ti whole we can, providcnl that the cloud as a whole liiia not moved; 
or more matheuiuticallj: Provided tlMt the center of 

fjyavily of the cloud has not moved, we can derive the iivemge dis- 
tuiice* of all tlie insects. W^e sliall In* sure of the immobility of the 
center of fri’uvity jf we know thiit the direction of the motiotts of the 
insects is finite at rantlom ; hut this j.** by no means requircth The 
motion may tuo preferentially in i\ horizontal plane or olong a de¬ 
termined line, say along tlie longer ajti.H of tlw pond, provhlwl only 
that the iiiotioiLH in any two u|)posite directions are c^quitlly fmiuent. 

Not only tJnit , even if the cloud, as ii w'holc, is not iuiinovable, we 
an^ not necessarily helpless. For, if the insect cloud and the [difitog- 
nipher were lafth on u sailing vtssscl, circumstances would U* the siime 
iis on the mainland, though jiOfv (he cloud is in inoliom Only, instead 
of the iilisuinte displ a lament of the photograjilue upjuiratus, we must 
kitoa* (he dis|jlaef‘iiii'nt relutive to the ship, or ratlier relative to the 
insofl elmuL This, then, tinally is the real thing wanted. Wo may 
obtain the distance of the insect doud, or what comes to the .^tne, the 
average flistance of its memiKU's, us souii ns wts aiv aide to iiiul out the 
displhceiiicnt of cuir point of view with regard to the center of gravity 
ofthedoiuL 

(hir case is much tln^ same in the world of the stars. 

We shall lie able to determine the riverage distance of the rnembei^ 
of any arbitrary group of stars, provided that we tan lind tlie uintion 
of the sfdar i^'steni. laith in oinount and In dircctiun, relative to the 
center of gravity of ihe group. 

Now, natronomical olv^'rvntiona such ils those whidi led the elder 
Hersf'Jie! to his disctiveri’ of the solar motion ihroiigh space enable us 
to iletermine the direction of the sun’s inotibn relative to sudi grou[js 
us the stars of the ihird, fourth, etc., iiingnitiHlc. Spectroscopy cii- 
nhlca us to tleteniiine the aTnoimt of tjiat motion. 

Wc must lie fllde, then'forc, to find out the atvrage distance of the 
stare in tliese groups. For otlier groups, such as the stars having an 
appawfit centetmial motion of 10", IS)", cKt., there is a difficulty. 
■Still, however, we have succeeded in overeomiug this d'dliculty by J 
Homewhat iniliri-cl process, and pressing into service ihe stare of which 
the individual distances are known. Tliis, then, is Iha upshot of 
natmoiunicn] wurk on the tlLwtflnce^ 


TUc ^,reau„„ aven.f;i. dlstoave ' mislu. „trletlr »l«akliis. to be reiilaced 
^ tlie rll«n..« TOrrwjwialJiiK to the nverafv Knr mte of eleamess I 

liarc veatnrea here aud ta what foHmia to aalistUute oue cspreMEloii for Uie 
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ikstitutioNj 


WMAT TftX KNOW ABOIT STAR DISTANCE. 

* mcAstiT&menL we know tlie distunco of s^omo liundrcd 

lodjvicinal stars. 

I-'or tlic itei wc know the iiverage dwturnsj of miv fairly nuiiierous 
group of slars of determiimte apparent niRgiiiliide and apparent 

iiioLion*® 

Tht: cpicRtion L^: (’mi tins iiniiei fret ktiowlctlga of tJio (lisUiticcs 
U‘ rDnankrtn} in any wise sufficient f„r obtaining an inslglil into 
the real umugcmcm of th« stare iji spai^*? 

1 think it can, and I will now try to sliow in what uiamjcr. 

trfxr.viJj'^Tiosi or thk «TAits is aA™ hv a stnrrjso pmnEss, 

riic lucthoil may lje IjcsI explained as a sorting ijroccss. The nroC' 
css was not aclnally fe*lIowe<l: it would have fas'ii too luljoricuis iind 
wcniKI Jiavc met with some difficnltj.* But the dilTorcnwi ia imma¬ 
terial, and tlie pi-eseut description has, I tluuk, the advanta-fe in 
fKiinl c^f clcurntss* " 

lA’t earh of the stars of tlm second, tliiitl. etc., to the- eighth ma^- 
mtudes Iw repi^senletl by a lillk cart! on which are inscribed the 
apparent nui^iitmle mid the appuremt proper motion of the star, 
Then tmagme ihi-ee sets of boscB. 


t J»AS811'‘tCATJiOJ{ ACCOHDlSn TO SIAOSITimE. 

Att. Ap/ramnt muifnituti^ reprtJientcfJ m /. 

In the box for the second apparent magnUiide, us many cards are 
put IIS there arc stars of tlie scennd magnitude in the sky/ The total 
iiimibcrs of stars far each magnitude iijx* insci'ibcd on tin* lith Wu 
llms ««' that (here are in the whole of the sky 46 stare of the second 
tiiagiiiludc, ItH of the Ihirt], and so oil 

‘‘At the lirMaut tunnsait Mtne otijretion mlaHt rertalnly «tiil U> muae tiKalnat 

UK.».;«.UW»tdU. 

caiiiie tlait. iboiieu tbe aelvnnJiamtin of the m^hir motion soi^initnly for aueli 
K^ui« as ilto Stan of detenulimfe uiiiiaUtudo ami urotiop Daitlon to fiuJte poa- 

« w i ,r the reaults nsal |„ 

tthnt follows aim reat an ilii< ainunijaioD ijuit tlu* renters of (frai-ire of aii tie 

arem* camndi^ n^ at rest nHatlirc to «,cL other. <rhnt this nssunimloi, 
mu A tw jirahubly true, foilows from the msr laentlly ef the dlrwtlon of il« 
aims motions, funitsJied hy the aerenil urooisr. 

»ior auiay of the stars used the vreiier mothiu Is still not known. WTtot is 
known hoirevor. Is llur rerrenloBe of Ihr. stpn. of mch, moBniiude htt^liiB a 
delerailned i.rei«r aioMon. This kaowJedre imahtes ns m t-nt m cren- iJ tu. 

and ibis Is ail 

liuil J.B i^AliLed La falJuw^ 



emucTUnE of the univilbse—kaptetk. 


309 




Etc. I.—Aitpiirrat Mijcnltiude' U^XrB, 


ACCORD]Nt! TiO WAOSlTfDE AMI I'ROt'KR JrtJTIUS. 

Second ^ta. Mittjmttide-moH&n homes {jig. ff). 

TJie stufii in ejidi cif thp fomCJ* wrifts of hixivj Jin; rwlistrilmtnrl 
over u series of boxeR, pkcU (tf tJieiri {^tjiUiiiinijT sIces of a (IvU'rniTiicit 
nppArctot nioMoFi. Hy woy of uii ^Xiiniplp, figure 2 !;li<nYR thiii new 
cltiRsiflenlion for I lie sstnis of the fiftli npp'^'^nt magnitucle. 'Ftiere 
iisi of ctjLirHe, anotlier KUch scries for ciich one (if the A|j|]jtreot iiiugui- 
tiidess Those for the fifth have been ilistribiited over 28 new Ikijccs. 
Ill the first liuve been collcctwl the airtls roprciicnling the titHrs with o 
iu-ojwr motion of 0” to 1" per century. The iivcrnge motion Li afi, 
oml this has Ijceii inscribed cm the lid. The little arrow Jiirlicutes Hint 
this nlimber repjtssents n motion, 'llic nimihcT o siuToundcd bv » star 
refers to tlic fact that we have exclusively to do with stai-s of the 
Rftii iijiparetit nuigiiitudc. The second box contains the stars with 
prnijcr molioti Udween 1" and 2" per century, etc. For tlic larger 
motions the limits have been taken somewhat wider. In the eleventh 
l»x the motions 10" to l.'i" are eontutneil; in tlie thirteenth, those 
l>etweeii 30" and IW* i and so on. The nimiber of star cards in wich 
Jio.x has been iiiacribed on the lower right-hand Lmrncr of the lid. 
Ihe figtii'o thus siioWR, for iiu-timce, that tlitTO are in the sky IK) stars 
of the fiftli magnitude, having a proiier motioti lietween 0" mid 1" per 
century, e have tims aiTHiiged the stars according to both the 
rough criteria of distance at our disposal. For we know perfcrtlv 
well that in a very general way the fainter the stars and the smaller 
tbf^ apparent motion the farther they must be awav. 

For^each of the groups thus ohtalntal we an» now able, oecording to 
what has been smd before, to derive the mean distance. This detor- 
munition being madt), we obtain the mean distances express'd in 

light years wluch Lave been iniicribed on ibo lid witli the letter 
M3 prefixod. 
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Alremtly wr iisny siic now liow mctjnML it is to iiiiiifi^iiif^ all tJio stiirs 
of the fifth mugiiUiifIc to lje pluml iit uiie unci tiKi mmo diE^tunc^ as 
Stnivii pliiecd them. 

According to tlie nunitiers in cnir figure, iho clistuncc viirics from 
16T0 light j-e»n* for the stars of the Jicift lios, to 11 lij^lit years for 
those of the last. It is true that Just the ilatii for the* extreme 
boxes are the most uncertain; still, it is evident that even in tliese 
mean distances there must lie an cnoniious rung**. 

Uni to protiiHsl, the 80 stars in our sLxtlr box (%. &) nro at an 
average* distance of 218 light years. Are we mmpelied to sto]i liero 
and to afwuine that the md distatux* of all the indiviiliia] 80 stars U 
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Fill. ^[jieiLitu^P-iELiatJiflU t^9i». 

24fi light ycnrsl Jf U wci^ so w» would sordy still hjir* guiricd a 
coiii^ulC'tiiblM iidriintngo over Striive, t'or» nwing to waid of idhrr 
data, he saw himself complied to treat all the stars of the lifth 
niiigiiitiide. Unit is, the whole of the 28 groups in our boxes, tis if they 
were all at the mean distance of the whole. 

But jet there %vonhi remain in onr solution a defect of the same 
kmd, and it would Im> impossible to saj in how ftir the itstdts 
delinUivel5- to la? obtained would la: influenced. 

riappilv then* is an escap. For our last clossitienf ion. the classifi* 
catroh in the ilistance lioxes. it is of no particular advajituge Unit 
everj- indivirlunl star geu< in its propr distance box. It will Ihi suf¬ 
ficient to know how many stare will finally be found in each distance 
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tK>x- If tliis rp^iult in ubtuinc^lf ^mi\ proscrtitly how ciisy it 

bt?cui!iieii to ifliiily the jirohlem put ut the bkrginfiing of thbs Jectum 

Otjr Jiim will bo eritlmilly reiiebtxl if we ean find out hovv uiany ix^r 

cent of ii^o ^ita^s in any one Iwx luivc such and such u clistiince. Now, 

in orfler to detcriiiine thane percentages, it will bo siiJIicicut to iiiVcsti- 

gate n sniiiple of our slurs. 

« 

fiT.ituii ur .^lE^vsi KU) luSTASrE TAKEN AS A SAjrci.i:. 

llnppily tliffp i« the possibiJily of a samplo that will ho!p 

iiB imt of the diOiciilty, for, ns we know, there tin? in the sky a bnndm] 
stars of which a‘-tn>noaiers haie sLceetHkd in determining^ the indi* 
\idnjtl distniKv with some accnnioy. We take these as our sample:. 
Ihey are distrihnted over ii ^rrent mnny of our boxes. 

We take tlieni all out, havit);* n care to note for all of ihein the 
mean ilistnnce of flie stars in the Imx to which they lH>Joiig. For all 
the hundred stars we tiow compare their mean distances to their Inio 
distjiticcs, and thus find cml how nmjiy ]X'r cent of tjn-m have true 
distances la-twten two and tlifre. four and five tenths, and so on, of 
the niean distance, 

rf,!rd 

The^ l)i>Kentaj,-i>H ,,ie oil we want for onr last rlistribntion. the dis- 
Inhiit ion over the ifistauees. It is true that our sample is a somewhat 
niidcsinibly ianall fraction of the whole; El shows, Iwsides, aotiie other 
weak points; but it appears, Imppily, ii posteriori, that even ruthcr 
coiisiduralde uncertaintii-s In {h«« iwrtvntages iiave but an unimpor- 
tant tnnuemv on the resitUs. We are thus at last enabler! to distrilmtc 
our star-cards according to the true distances. 1 made the distri- 
hut Ion over the sphenca] shells sliown in fignre 3, 

The dimensions of these shells have bwn ifo chosen that if a star is 
removed from one shell to the next fartlier one, the observer at the 
(^tor will see the -star grow fainter by just one maffnihide; that is. 
It will grow very nearly two anti oncdial f times fainter. 

I he ligurc is not well fitted for bringing out the details of our 
results. The sliclls I>ccame too narrow toward the center and the 
more cfiitral oinss do nut allow of the insertion of salRcientlv clear 
hgur^. hor this rcapon T coastrncteii figure The numlsit;! valid 
or the several sjiherical shells have here Isfcn entered in eituully 
iroad hori&aitiil rows. Thu drawing Hoes not, therefore, show the 
real dimenamna, bill these as expresed in liglit y«irs, which may bo 
read off on the right-hand side of (he drawing. We thus fit*c that the 
central sphere extends to a (listiince of 21 light years; that the second 
spherical shell e.vtcnds from 21 to 33 years, and ho on. In these rows 
11 lost set of IwxGs is placed. Tiiere is a box for each apparent mag- 
S82U2—«M itms.- 21 
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iiitnik in vncli flf Uio mws. The stjirs of llii! ixtxes of figun; 2 am 
tluw, of eottrse, ul! ajiitnined in the vertical row of boxes, correspond¬ 
ing to iipparent magnitude ft in figure 4. 

Diei'BIUI TION AL'C'ObOIXO TS.I UISTA^frE I]J.t^8TRATKD |1T EXAlirLn> 

In order to illustnite by an example how the s|ars of the Ixwes in 
our tigiire 3 arc distrihiitctl over our different shells, that is over our 
distance hox^ of Jigiire 2, take the seventh Iwx. It coiitains 77 stars 
at a m^in distance of 220 light years. Our countings on the samrito 
showed that about one-fifth of tlie stars have true dLstunccs which are 



Kml —mAluiCf 


between 37 and ftO per cent of their mean distance ^derived from their 
apparent niagnitiide and proper motion). Tlicn-W alanil onc-llftJi 

r distances between 37 and ft» .ser cent 

of 220 light years; that is, between 82 and 130 light years; or, finally, 
U stars of our box must tint! tlieir place in the fifth slidl of figure 4 ■ 
that m tlw 1»x ^.r^tmuding to tlie fifth apparent magnitude in 
that shell In pi^iwly the same way I find that 21 of them mnsi be 
placed in Iho sixth shell, IS in the seventh, 10 b the eighth, and so on. 

If, after tlmt, we repeat the process for nil tU remaining boxes of 
figure 2, we get, for the fifth apparent magnitude, the mmdrers in- 
^rilKal on the lower side of tl,e \yoxm corrcsimnding to that magni- 
tilde in figure i. ^ 
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F urthor lliuii for the cJevotith t-rhell no nunibcrs Imve been entcmj. 
They hceoinc loo (loeertaiii. however, wc know the total imnibiT 
of stars of each apiiarent inii^iititcte, we know tlic aggregate nntnbcr 
which reinains to lje diatrilnitod over the wliole of the farther shejlsv 
TiVlittt has hero Ijccji explained for the stars of the liftli iiiaguilnde, 
lias Wii also done for tlie other niAgnitudcs Ijelwcen iho second and 
the eighth. The whole of the results are shown in our ligtirc 4. 



FlO. unttii» ItDU«, fn»n»truEtca dHUjTBin. 


RTAHs or EQUAL LUirixostTi' BROufitrr tooetiieii. 

Tlifi main result of the lnvestig„tioii isemlwlie*! in these rnimliers- 
iimJ lii-st, in every hos stars have now been bixuight together of «itia| 
absolute magiutiide—tlmt its, of wpial luininositv. For as the stars 
in each 1 h« are at the same rlistance, ,,ml as, at*the same lime, they 
are of erpiul apparent brighln«^«, they most, of mx-essitv, be of ei.iml 
total light fajwer: that ls, aeconling to our definition, of cqiinl luniiii- 
^ity, or alexdnte magnitude. For the absolute magnitude of a star, 
1 bavo taken the magnitude the star would sl,ow if placed at a dis- 
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LiiiiiH! of 3:i(p Tears. The cKoiee of just lliis iiuriilwr is simj>iv a 
inalter of eonvaiiiencc, nnil nwtl not U explainwl Lure, 

As II corusequetico, the etani at n distatifK of ;t2(j j*tnrs, wiiit-h to 
US appear as stars of tlie fiftL magiiilude. will iijive lUso llu; aljiutliitu 
miijputudu 5. Tlirtsc uf the saiiiiq apparent niitj^rutiale, hut tit a dis¬ 
tance of 5ir ligiit years—(list is, just ojie sUell faitlier-^intist liuve 
tlta absolute utagnitiKle 4 b order tu show us the same hrigtitnesfi, 
n ot wi Lhwt a Til I i tig tJic grea ter J isUi nee. A ow, o tiv eigi i f li sliel 1 lies j ust 
bnweeii ditwc liniilH of distance. In the ijildiile of this shell, there, 
fore, the atars of a]ifuirent tuitgiiUndo u niijst have iiljsoUite luagiii- 
tudo 4,5. In the box, therefore, lioloiiginp tu the fifth apparent iiiag* 
niiiide, eighth slieLl, nil the stars ure of alisoliite tutigjiltiide -1,5. Tu 
tJio ninth shell a fitar iimst already have the absolute luagintude ii.~t in 
onlei: to sliinc as a fifth apparent iiiagnitiide at this greater distiiiiee, 
and so on. In this wuj' the abiioltite nitignitiides were found which 
in oiir figure liave heeii InscrJIied uti the lids uf the boxes. 

iiiXTi iiK law: 

We aro now able to derivie at tuiee the luixtiin* law—i, e., the pro- 
|>ort]{}ns in which stai^ of difTorent iilisuliiLe luagnituih' ure nu.Tcri 
in the universe, tor in one and tlie same shell ^eleTeiith) we find 
tvTo Stars of ulisolijJe juagnitude against three of magnitiide 

—0,5, fifteen of jtlisolute magiiitudo D.5, screntj-si-x of wlisolute 
niagnitude l.Ji, etc. 

That la, our re.-^uUs for the devciith shell furnish u« with the pro- 
|Hjrliun in which stars of nlisoliite iiLagiiitiide —1.5, —0.5, cte., to 4.5 
lifts mixed in space. The tenth shell gives the jirojKirtiflns for all the 
atiaihite o'lagiutudfs lictween -0.5 and 5.5, m,d su for the ix-st. All 
the shells together give the proportions for the alwdiite magiiitiiilft; 
—J.5 to 14.5, that is for a nuige of nof than sixtei-ii niagn ill idea 
Sol only that, but most of the proportions are ihderrniiipd inde- 
tK-iidonily by the data of .juite a lujjiilx'r of .sin-ll.s. for install re, 
tiiE jjrojjortioii of tlie stars of idisidutc inaguitude 4.5 to timse of 
alisolute magidtiido 5.5. Kaeh of the shells from the fifth to the tenth 
fiirni.shes n dctcmiination of this proportion. Ail of them arc not 
ei|ually relialjlc. Tf we take this into aceuiinf, we find that the agree- 
metit of the fwvcml deleriiiioutions is fairly satisfactory. By a care- 
fill rombination of [ill the nssults, n table n'presentitig the law of the 
mixture of flic st.'iirH of fliffereiii al:isoloto magidtudc was finally 
obtaineii Bather fhnri show you the direct result, howerer, I will 
first replace (be uhsolute niiigiiitiidcs by luminosities expressed in 
the total ligiit of our sun as a unit. 'Hiis will have the advimtage of 
presienting a more viv id image of the real Tneaning of our mimliera. 

By photomelric meaHunst it was found that the sun, placed at a 
distiinco of it:iC light years, would shine as a star of magnitude lO.S. 
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fii Other wortls, the sun’s absolute luuguitude is 10^. A star of 
absolute magwitude will, therefore, Imve 2.5 times the liglit* 
l>o\ver~Uiat is, 2.5 tiiiies the liiniiuosity of the sum A slur of obso- 
lute magnitude 8.5 will ngain have a lummosity which is 2.5 times 
greatorj and so on. 

SuL'h results ovidenlly enitbJtf to tmtrtsfami uur absoluie inagiii- 
luiles into Inminositiei. Thtis translated, 1 found ihc results shown 
III tlic following table. 

UJMistism" T,^m4£* 

TVkhiti a spheiv having a mdius of 555 light years, there musl 


Stun 

1 lullllEKlIlltluik 

1 

i%m to m.wa 


ipoco to if^oao 

l.HW 

i» to 


10 to ]«i 

iutvooa 

1 to IB 


Ol 1 to r 


rill to DlI 


This table repi‘e«eiits wl.at, up to the present time, we Ww alioiit 
tho iiijxtni’e lair* 

The fIIinter the the more numerous. 

The raU* nt which the miiuliers increase with the faiulness Is par- 
ticiUiirJj ntjliceiiijle for the verv bright stars 

rnssitig to the fniiiter stars, tiii.s rate gredually diminialies, and it 
looks as if we iiinst expect no further increase in numtaw for stars 
whose riimtiinsity falls below oue-himdredtU of tJmt of the sun. 
Meanwiiile tlin* is simply a surmise, For stars of this order of faint- 
Ii^i data begin to fail. Here, as in nearly every investigatjoii almui 
the structure of the stellar Hjstein, the wmu of data for stars below 
Itie ninth apparent magnitude makes itself verv painfully felL 

lJul let us come hack to our hgtire i. 1 wi]} that 

knowing the mi.xtiire law, we .-an predict the nui.iWr of stuB; that we 
sUall get m the empty boxes belonging to the ninth, tenth, etc., maeiii- 
re to T i'*"? nstronomical ol^rvutions will permit us 

^ non, shows tliat in mir universe the stuns of ntiaoUite 

iSS: 5,.oo, tim!t 

Kow as in the eleventh shell the nnmlicr of stare of the nl™l,ito 

ff’f? 

stars of alwolute magnitude 5.5 in this shell. These* belong all 
in Uie lm.\ of Uie ninth apparent magnitude of this slidl. In^tJm 
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siiuio W!iy We mljtiiiii llie number flf to fx? e^iteeted in tlie box^ 
of the tenth, elevrnUi, etc., ii]]t>i]iretit tnngnitudc for nil our shells 
Jown to the eleventh. There is exceptiem only for the* boxes belong¬ 
ing to the lower shelLi, for which the nbisoliiie inngiiitude would 
exceed H-.**. 

It is evident, however, that the nuitilwr of stars in these cxeeptionnl 
boxes must snuill, and for whut follows tliey ore of little 
hiijMrtance. 

STAR DtNSlTV. 

In the second place, onr ljuxes now also ]cud to the dt‘tennination 
of the star deiiHitics. il''qr the volitiues of the ctmsccntive shelln are 
perfectly known; they lire in the pmpurtion of I ; 3.98, For the 
sake of ccmvenietiot*, h-t us wiy tliat tliL' volume of each shell Is exactly 
four times that of the next preceding one, Now, to take an exHiiiple 
of the deterinituition of the densities, consider the ninth and tenth 
slielLs (fig. 4). In the ninth there nre 4!l stars of absolute magnitude 
2.,’i. Therefore, if in the tenth the stars were lus thickly crowded as 
in the ninth, there would occur in this sliell four times 49, lliut is, 190 
stars of this aijsolute magnitnile 2.9. 

In reality wc find hut 1-JO of these stars. The conelusion evidently 
must t« that the star (leiisity In the tenth slielJ La about |t{, that 
is about iwo thirds of that in tlic ninth shell. A similar ronclusioii 
is obtained by comparing the numlier of Uie stars of absolute inngni- 
tndt* S.ii in the two shells. The values ubLuitied from the magnitudes 
tt..^ and I.."* may Im* neglected. Owing to the exceedingly small 
numlter of stars, they iiiilhI necessarily lead to untrustworthy results. 
From oil the ri^l I foimil that the density in the tenth shdi must be 
uhoiit per cent of that in the ninth sliell. The pniporiiun be¬ 
tween tlic densities in the oilier shells was determined in exactly the 
.same way. 

A slight defect in onr results was then dlwovered. 

IVe should e.xceed the limits of the time alIowi*d for this lecture 
by entering into a considerotion uf iJji.H defect. It must he siiflieieiit 
to state thill it was not diiEcult pi umiiovc it. After that it appeared 
that ihe density Ln the first six of our sliells is nearly the same. 
The desnily in these shells, that is, in ilio ucighlwrhood'of our min, 
is such that alKuit 2,000 stars of a luininosity exceeding onc-huiidjxMlth 
that of the sun niust Iw conlnined in a ciihic light {^eIltllrv. After the 
si.xth sliell the density diminishes gradually at .such n rate that in tlie 
eleventh shell the deiitrity has fallen to about 30 per cent of what it is 
in the vicinity of the solar system. 

In what pnteiles we tried to give a solution of the problem put at 
the beginning of tliis lettiirf^a solution, however, which embraces 
only that i«irt of the univem* which is contained within a distance of 
about 2,000 light ycui'^ fi-om our solar system. 
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fiTAlt llES'rtITV FXlli yiSTANt'KS £:XrKRIlI .Vri TWO TiJDl'JMMl t.H’.ilT VF„lllN. 

I-s lht*nj no po6i:ribUity of getting iMjyoncJ this dbtuncc^ 

I tJiiok thtre ibij but of etiursu you will iiol Uj n^itonJ.siieil lo fiiuj 
thiU I he wiluinty of our eoncliisikm JiminislifS us; we get deejwr uiul 
iloopor ill (lie nbvssftw of 

One of the reasons why the uielbod thus fur iipplieil breaks down 
lioyiiiid the eleventh slu'll is tbnt onr iluta iiIhuiI prosier iiKilitm utu 
not reJiiicx] enough lo lieterinine tJiin niution wilb siilUdeiit iux’tiniev 
los fuon as it is liclow 1 ^' iti n eentnry, Kven ibe sutiiewliat greater 
molioiiti are ralluT nneepliiiiu Tiie profior inotinns tlnis txni not liclp 
IIS niiidi l>eyoJid u ix'rtiiin (lislaiire, Ibil we bnve still one vulnubJe 
eietitcnt for the solution of otir probleui. Tills element is the total 
number of stars sepiinitely for tbe apparent inagTjituJe.^i. Thanks 
mainly to the pliotnmetrieal ix'fiuirehi's at llie Harvard Observalorj', 
it has bei^Oine possible to delermiiiu willi eonsiileruble aevuraev tho 
tutu] ninubi'r of stars of t]it> Jirsl, soeoiid, to the eleveiilb inagiti* 
iuile ; willi a fair degree of ai eiimt-y even (liofte for the niitguilnd<s 
down to the fourteenth (ineUisive), 

The deriHity in Ibe sbelLs beyond tbo eleventh, not only for the stais 
(biwn ti> the eigblli H|JiMiri4^it iiingnitnde, t)nl, aeeoriiing to what has 
been wiitl a riiornent ago, for the njiparwit niiigiilliKlps of fl. 10, 
etc., to 14, has to be deterniinud In siitb a way that the uddition of 
all the numlwis in any one vertlcjil t'olumn of figuis 1 prodnees just 
these totals for the cortespondiiig uppiirent magnitudes. 

It tan lie pro veil tliat a tier the eleventh .shell the density must, on 
the whiile, eonliliue to diminish. If we assume that this diminution 
is gradual and proi>ortioiial to tlie increase In tlistiincc, it bs-onna 
very wsy to dctcmiinc the rate of this dlmitnition, and cotLSft|uently 
the distance at which the density hecoines jero, that is the distance 
lit which we reach the limit of the stellar system. We can not enter 
inti) fuller pnrticular.'i lierc. It iiiiihI lie sullicient to say that in this 
way we arc ItHl (o conclude that the fiiHlmr dimjimlion uf density 
must IkjsIow, so slow that in the aasiiinjilion made aliove, the limit of 
tile sy.stoni Is only readiid at a distance nf some 30,tXKI light years. 

iirixmjE.sHs Lt.vwEimviNo tile mifiirnTs. 

In conclusion, a few words on the tineslion; Tii how fur are the 
results now ohtuiiKsI to be considered as cwtabiLshed* 

The answer must lie; lliey can, |je considered to be established 
only in so fur, and no further, than we can trust the truth of the 
liyjMtliesc's which still underlie onr remwiiing. 

I'or futuiT cotihideration there thus renjuins the question, In how 
far can we test the validity qf these hypotheses? 
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These hypulheses aru the followiDg: 

1. llio mixture ^v«s assuniw] to be the same at greater and smaller 
distannes from the solar syetetn. 

2. The same iriis done for didcrent distances from the gala icy. 

U. Tlie uolrcrec was sssumed to Iw trnnsjiareiit, that is, it was 
assuiiicKl thill the olisorption of light.in space is zero. 

Con we get rid of tliese hypothetieiU elements^ 

I think We can, at bast to ii very great extent. 

As to the first, Oiir figure + already goes far in enabling us to 
indgr whether it is tme or not. for evidently Imth our sixth and our 
niiUh shell give the siatiii-c of the mixtims nt least of the stars of 
nhsninte magnltiidc Ji.ii to 11.5, Therefore, ns fur as tlie^ stars are 
concerned, we are able to see whetlier or not the mixture is the sane 
{It the distance of ft50 light years as it is at the diMtnnce of 170 light 
years. Likewise tJie figure enables ns to tnako the coinparlsen in 
otlier cases. As soon as wc possess: ihc necessary data for a longer 
ronge of apparent niagnitiules, say down to tlie foiirteeiitli or tifteeiith, 
we shall l» nhle to dispense to a wry large extent willi our first 
liyiKhthesis, 

•Vs to thft second, the pnajiliie variation of the mixture with the 
distmnx! from the Milky Way, it b largely only the qmiS’tion tjf tmtl- 
ing the stars in ditferent gnlartic latitudes sejiaratcly. As far ns I 
ran sw there are no particular diflieitlties in the way of such a separate 
livntment, at least not si nee the nature of e'ertain anomalies in the 
distribution of stellar motions has been elneidated. 

.MVsoaiTJON 09 untrr i.x aPAi:e. 

Ijiist, not least, is the universe really absojiitely transparentf 
Tliere urt; reaatms wliieh make thU seem'very doubt fnt. A eoiipk 
of years ago 1 oliUineil some evideinje in the matter which shows 
that the alisorption of ligiit in space, if it exists to an appreciable 
jinioitnt, must at least be so small that over a distance of a buudrml 
Jigiit years not tiiore than a few per cent of the light can be hist. 
To determine so small an amoiint to within a small fraction of its 
lotnl Tflliie will lie a diJIiridt task indfeiL Still we can even now mn: 
definite ways, which, given the neiitsssary data for very faint stars and 
nebuhe, will probably enable ns to overcome thifi last di flic id ty. 

tViOr^UlATfOX rOR tmTAtNlNO TlfP. S|SCl!.SaART DATA FOR VaKV FaIST JirTAHa. 

This want of data for very faint starts wliteh in the present inves- 
tigation makes itself felt at every step, has led a nundwr of nstron- 
t« i^nncertwl Action. 

The express purpose of ihoir cooperation is to collect data of ewry 
kind fur stars ilnwo to the fainti'St that, eaij pmetii’ally [to rcjidied. 
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As complete oli»crvation mid treatment of these numberless stars 
is out of the question) the plan is confined to a set of samples dis¬ 
tributed over the whole of the sky. 

COKCLtTSIOV. 

If, at the end of this lecture, somebody summarizes what has been 
discussed by sa^ng that the results about the structure of the universe 
are still very limited and not yet free from hypothetical elements, 
I feel little inclined to contradict him. But I would answer him 
by summing up in another way, viz; 

Methods are not wanting which, given the necessary oijservatinnal 
data obtainable in a moderate time, may lead us to a true, lie jt 
provisionally still not very delailcil, insiglit into the real distribution 
of stars in space. 

I think this time need not cAcecd some fifteen years. They to 
whom such a time niiiy still seem somewhat tong may |jc ntminded 
of the fact that that lime will be elapsed, that we {diall have finidietl 
our work, lie fore any bat a very few of onr nearaat neighbors; in 
space can be uivato of the fact that we have begun. 
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SOLAK VC^KTICES AISD MAriKETrSM IX ftlTN KPOTS. 

iVr\th fi 


lly C. (t. Aiibot. 
/Jlrrrf^?r+ ^fftU/furminn 


At tho [yresi'nt iim^ the growth of knowle^lgo of tlio siin is mnlrily 
iliri>i]^i the appliciatiutLs of Uit spi^etroscoi^e^ a1thoi3g]i in tht 
infortiiiition of great valiio was obtained by jiuji 2 ly tflicscopie obi^r- 
vatioiiri. Thereby the rotation of the snri was first measured^ and Lhe 
rtmarkable i^turdation of the rotation with increasiti^ distancie from 
the solar equator wits establisheil. Fuiilienuore^ it disco veiled 

that the prevaienoe of sun spots waxes and W'linos in periods wliicli 
averago about eleven yearSj altlioiigli indirifinal Him-spot cyeles 
range from eight to fourteen years in lohgtli. By utilisiing with the 
greatesi aH the rare itisiants of good soeing, LLinglev niade liLs cele¬ 
brated and beautifid drawings of the detoilefi structure within and 
iirnujui n ty[iital sun spot. Similarly, hy the selectiun of specially 
favorable cfuiditious, Jnn-s^fi was able to bhtiiin photographs which 
show, os well ns may Ih*:^ the graniilnr ajjpeanmee of Lite grmL?rul silt- 
face of the sun- Owing to the fortunate circumstance that the niMu 
sometimes covers the body of the ^fuii, leaving ilie surroundings o|)eii 
to view midiimiiefi by the glare of (he skylight, die liTiiitiful struc¬ 
ture of the corona and ppomiuenees became known from eelip.^ 
ol>-ieir\'ations- Comparative studies of successive eclipses prove these 
fealiires to be variable in higli degree^ llie changes seen in the sun 
spotsj promiiienceSj and ctmjna made it clear that very gt\*at rear* 
rongements of the material of tlie sun go on contiiinally; but if it 
were not for tJie aid of the spectroscope, knowletlge of the character 
of these! changes would ]mibidjly forever be very meager. 

Taking toward t!ie sun we see through a layer of solar iiiaterial, 
whidn if we neglect the corona^ iiiyy |>t? sevcnil thoiif^nd uillc^i deep- 
In tills layer are contaiued the vapom of many of the elements found 
on the eartii, notably of sotlium, calciimn niagiu?55tiiiii, iron, titanium^ 
vanadium, chromium, and others, besides several nf the j>erifiitncnt 
gases, like hydrogen and helium. Owing prolMhly to the difTering 
densities of the^ elements, and in ii rough way connecting itself with 
their atomic weights thdr dihiribution in level is not u homogeneous 
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miTtui'e, hut till* hoaviff clwiitiilii smk lowiird lower levels in gcnenil. 
huch partml Eepiiratious in levd ami tho vigoions motioos wLidi 
tjike place itt the snn are effectually hidden to the telescopic ob«:rvor, 
partly !wciiu.sc he can not tell one tninsparent gas from another and 
partly owing to the cittnumstiinoe that the mot ions at different levelbj 
arc muced Ijeyond recognition on aiicount of the grciit depth of the 
held of view. I'hc scpanitc currents are as imdistingnishiihle as the 
separate inotioiis of the motes of a wide auiiU-um when viewed from 
n distujiw^ 

All thia J3 changed for the spectroscope. Iron vapor strongly iil>- 
Forlw the rays of certain siMH-ial wave lengths, and vnpnrs of the other 
elciiierii^hyilrogcn. cakhmi, etMlo the like for still iither m^-s. 
ITenco msieod of ihc brilliance due to the cxtromelv hoi interior lav- 
ejB of the ttin ihera is fnntid in the I-Vaimhofer lines thieflv the less 
intense emission of the cooler vapors of tiie elements whidi 'lie in the 
miter siirfaw layei^. If the siin is viewed in the red spectniJ lino 
C (no'ft iiBiinlly colled ITtt), there ls seen chiefly the hydmgtn and not 
the iron, sodium, or other elements. I tyilmgen has fs-veral other 
rising litiw m the solar spectrum. Among l he nios-t consplcii oils are 
(abo called !•') in Ihe blue. ITy and I IS in the violet. 

It 1 ft well known that when light is pnidiirer! by healing a kir of 
iron or other suhstmicc to ircamlpsceiice the ligtit is ai Ihvi. hhI. nnd 
H.TOmes white and. finally, in iho electric arc. even of u violet titigo 
with iticrejming tempeniture. lo short. I he vblet. eml of the swrlrum 
require a higher temperature for its cojiious emkskMi lhan itoes llm 
rcti. Ttiuj hokis in a general way for gases in their emiiwioii of line 
h|iPf'trn as well as for solids with tholr cont iiiuous sfx'etnim. Acconl- 
ingly the reel llo line will kj stronger wiih res|}«;L to the violet ITS 
JJne when cnutled from hydrogen gas at a lower tempen.tu re than at 
fi higlier ouc. Hence we may exisjct that if a mmis of hydrogen gaa 
extends for a very' considerable tldrkness in the outer hiyei^ of the 
ftiln the spectrum of the higher and therefore cooler imks will Ik. 
ndatively stmnpr at lb than at Jla. Tiicrcfort* if the sun i.s vicwcl 
only b> Ih. light, the asiwet will more that of tlio higlaist levels 
mn of Ihe lower oiii«. If viewed tjii the other hand iljrough IIS, or 
ri II mmv if oue of the lines of iron is diosen. it will k on the whole 
more of tlic aspect of n lower section which Is pn-sented. 

fieadm will iT^ail that the .Smithsonian Report for IDIH wn- 
aiued »n al.stmct of (lie ae-cmint, by Hale nml Elkrman, of the 

1 Verkes Oliscrvatorj-. Referring 

for of the ins niinent to that publication, it is enough to my 

here thu tho six.ctrohcliograph. invented hy Hale about im, h ^ 
nil iiiteiits nnd purixwcs ii screen which Hmib, the rdiscrver to rays 
of a single shude of color, and this may at anv part of the sp^- 
trum. liy Uie wd of the spcctrohdiogrupli the sun may Iw rdioto- 
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grtijiliefl in tiyiiropL'n, i-ulcliiiii, fir iron light, utni in the case nf hydre^ 
pfen, whith Lsi! liiips in scTeml piii'ts of the spcctj’imi. the light niiiy 
lie either violet, UIul', or red. S)NH'troiiolio|trflp!iic pictures sliow 
iiiuiiy details not seen in telescopic views of tiio stm. Jlr. IJidc Ims 
iiiinied iheeleineniory patches which go to ninko up this newly found 
detail " ilot'ciili.'’ Hecently veiy- striking imd intererftinp' plmtti- 
gmphs of solur slrueturo havs Iwen nnnie liy the Fpeetroheliograiih 
at the Mount 1 Vi Ison Shilnr Observatory under Jlr, Hale's direction, 
and tlio fill lowing ulwtract of an OTOnirit of some of them is taken 
from Ids paper entitled " Solar \'’ortiet‘sj 


VORTKTCft, 


Tliij iproblf^tii tif Jtttctiarc-ting ihv. ci^mplex mlnr t’bFFlotnena rtfoonlcd hy 1111? 
RIhcM5lrQb<'n4P}zttiTib Jm ?3 fxvulik'd Jijj nUi*nlUiEi Hhu^r the And: w&t'ti wllb thlit 
lEi^rniiikeut hi iKiitiL Tlie luentniremeiil of llio iliilly niotkjnf! In JmiirEtiuli^ ut ihf? 
i'ukhiiii Acxx-ull lin» led bi ?sL'vunit ik^' detonidiiiitloDH €pf the ruhitJui],* 

mill thi^lr !iy h iihuitotrielrlc meUi-iKl, urv belii^ iifseil iim nu 

In ilex til I he mhir ucrtlvlty, V'nrienri ItireMlIpithiiiH tin ttielr furttiH nt dtfTerent 
IpvoJa*^ I heir dEKlrUiuUnrii In IntltEiik^ nftti lonirltudLv (?le„ hnve ttlihi tmeti curried 
mU Itiil rile In Hurt' of the eiitclutii fltireun to ludk^te tlie existoiice of de&iiito 
etirrentw In llie Hdur jitnxi^ihere hns been js .dlmiiiHilidniiiuit. 

The liydn wfc IhM'eull, thoiii;h oeroiiylni: the mun- ffi^iernl on the 

ittHk, are dfinLlngnIttLiLd from ttioise cif eiikdom hy i^neni] Jdrlklnj^ iM'^Tklldrllk'^ 
Jh the Ar^t [Place, lo^wt of them nre ijnrijr, wlihe Uie eerroHiHnnhri^ i'sileUmi Hh) 
doeeull are hrIithL an J hate rwmtly rihtiien,^ they iu^-m te obey n 

thirerenl law of rotation, Jn whleh ibi- ■‘^[imtorlal u^Tlenitioii (better, the iK>hir 
remMntUiTi), nhaml by (be ffjioti^ fneiilrt\ uad ealehmi ftocviilh din-w uot ntitH^ir. 
A tblnl pecnnarlty, lir(e% meiitloneil In rirev[iHLH Lee elecirly vli<hilin on 

many liydro^-u hluihki^n^iiihs. It In a decldcti ih^AnlteneKi ef lirnieEiiri^, hadEi'utoil 
by rndJn! or eur^Eni,- Mum, or by wmi' mih illRtrEbetlnn of the mtnor floi^ iill 
an Iron Ulltiicri prewnt In n ninimetle AebI (see, for ex!iin[ile, A)4tri^|hbyf{|[:3il 
Journal^ Vob XEX+ PK X and XIIFirst n'enpiJied nt the iH^irEtiiiln^ tif 
our wfirk with the bydmj-ifj Jhn^ io Ihls^ snpKeftllv^e strueltire hm^ re- 

tiefi 11*^117 nlHitt-n ElHdf <iii tbi! Mount WllNi>n iiesatlvi^, PuE Im iruo mininlni,^ 
did not nsi|KHjr ntiUl the rt^Huha iltiserJlH>c( \n rhSii iiuikt hail been HihTaEjirt!. 

\\ IIh the Uuinfiinl H|rfH'titihe||ii|;rai>b iku bydrotfciE IEio.in. tl^, Il-r. ^tnil Ilfl 
wtTV UHeiJ, Certain Ainfefi-iiieM hetin^i the iihotfwmbhjv ivbleU miemrd to 
de(x^j4 umt tin- mive leiij^tb, [i^jintrcl to the cSe^lmblhty ipf tryhiaf ITa. Iiirt 
lAah^ itiimeleiitly sk^KlllTe to axil Mj;ht were not to l^c tunl at tlmt lime, auil 
then^fore tlw extierhEient wast iKisti^irniiid. 

Tlia <a_trcmc> at-risitlv.-ncw Ui ih*^ ml of Mnl«* tu ,i f.snnu?ii 

Ohp to WtilUcc'^iiow mulent It a .iJinrtt, i.Hittcr to j.lMUDimit.li tJic srjn wltli lli. 


•AHim|,brsi™i JimriiaU ToL XJCVIii (ft.ptcmUvr), IfKW. t'H.o gUatc imm- 
bcni Ju not corftfliMJml wltli Uin«L. Ui orlglmil i»irK f.-EDiToii.T 
* ^ notation of ttc San. an tXK.TUilJiijd from ils* Mofloiw 

of tho tlakliim FlocculL Careesit (In iirtxw); I’os. R,-knw, Anil 

d», lOflTj Unla Coalrihutton* from tin? .Moimt Wilson Stilar OlMWVfttorv, No 25- 
ABlrojitjfStcnl Jmintal, Vol. NXVH. gji StU, ms. ' ' 

' Hale IIml Kltcnnnn. PiitiJlnillDimof ilii> Vorkes Ohwrvatofy. Vnl. rri, pL 1 . 
^Haln, ('nDtrllmtlona from tin? Mount WilHryii Solar OliMirmtotj, So, Sss- 
Aictrtirltjslcal JoariiMt. \'ol, XXVIf, p. 21a. inOS, ’ 

'^Astrojili.VKlcal Joutrml, Vol, XX Vl, p. 2 tt>, ItPOT. 
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iSinnu jimllinInAry wiirt with IbD jirtvi<trntii<tloKnip1i nlhiclmieuL ut' ilio Ut-fuot 

I. lllniw *,i«tojfrrn>|i (If tlic towc-p tn whleh I \m] the- ftsMlntaiiw .if 

Mr, tiic 1 [ciitDi :1 tLnt brljiht flownlJ atv nioro ttunterouB Atii] ratciiBlve wliuu 

I^biEojirrtpJirtl ^virri Ila Ujjih HUeo Hi Is uwfl. I tlicn trioU 11 a with iho 
*lw'r:irwlJL ll*^lih of the Snow tcIcBCOiie, nna tninuMlIntoly cancel lout 

lii(j uxre irtmti^cr fluil of mneb Njtter ctjntrniFt tbnn Uio$e clvt-tfc 

bj IW, ^tonTovor. Eht- e(ir\«l nml mOliil strutiunt t^iirfonn^lnf sun apots ^viuj 
frtrlkUiK Eis to tbisicl lo llir ihiit IniiKirtant ndvnucc^ mfijbl be i.^Xpeet|!i] to 

iinlnw from tJn* (tjFtemntlc tiw of tbo IH Ikie. • • * 

TWs la m ih-llutto In fnnn and iin Hnmletnknbltf tii fflinraetcf ns lo rnMnix 
he hvi>,'^ flroiiniHl hr ibt. wrller tihi)t.>;(pni.!«,. It noonw, (.vioent. oq mere 
ni^«tlot. of thwic Hint ™n mujit. nre wrntem of auinctlon, flrnw- 

t»g rowniil Ukihi tho hyLlruKoii of the eoJap nUiiDspLere. Mon»vop, ttK; clmrly 
1 elltied whirls istlat lo the {‘xlNltMiiin of oycloniv storuts op TorUcnti, * » * 

In the iffyscnt jiftiw I wiah to lIluHtmle tho iilienouena photoj^iihcd with 
the nil] of Itfl 111 the tipiirhljorljiKu] of n njjot wliit-li reiieheil the eniH ItmU of the 
^ '' Uhotogmuh uf this «i»t, BMdu by tiir«rtf 

^ t *1™ *** ^ I'neldc Btnndand tinw, in repeudUL-ed In iJjjun! 

J, btste ]. The whirl stpuctum whleU h, clonety ohiiwu by this phetowniph. fn 
fl so tetr distleot. thou(th of wmtiwJmE illirdfent furtn, gn iho phoi„CTBl<L of 
Moy Jffi. rt Is ItitetentiiiB to iTiquIre gg to the iirobiibU) Jovel gf the region Ju 
which thin wLJpl occurred, nnd the height of the long dnrh flocculwa south of 
the spot For this imrTw.iHc wo nmy eicutnlno pholottniiihn of the crfarrmiotiiihere 
nail proinlnenccs nt the llroh, mken ou Jiny 25. >91, njid 2T. In the Hnfl of ihisw 
nindc M Moy 3r. nt h* IS- n. «:. (xo. 4Ui), n long tinnow |irOinlDei.ee,extojn1(rff 
ttffltird the rorth. rlaca from the Ihnh iit poaineu nogie it2% ^ j.aig, 

Olio degreo north of Ihe siJot it luuki's nu nhule of nbout 13* wllh the llaih 
iind fHika out nt the upper w,d, its i^ngib Imlnic npfnxjKlmately Wl" |Keo«!u' 

: _llH>re ore other Rutill Dhimeulm^- proinlnonew in iLg nTlon eSlencUng 
ulwut 1 L.r llio s|Jot. ojid nnnller elevolions lu the ehttnnosphorg to iho 

'* hromlmriK^ Kww fo q height of iihout 

^ atid Ibtui nlfdiNos tu tbo ehrr»nios[rh^rir level m jiesuinn atmlti lOT*^ Ncair 

rt» rje. «» “ filftuientiiry ppotulnijiiou about 55''' jpah. 

O . y 1 38 a, m. tyjo, tl44). the promlnennis wore iihatugruphcd itt 

fho east limb. Tlic lowi.'St pomt tii iL« eiirouioapiiicrv on this iihotogmph cornj- 
sisnuht lo the iSHdtliMi ipositloh ansfe ) where the sihd i.™«gd the llioli «rm«t 
two hiniFP Inter. It will latoeen thnl these protu In cnees, whfeh e^teinl from ikmiI- 
I [on angle bt to 100*, etiver much of the Tcgloti In which the whirl stnicturc 
of plate I a[.rN?flPS. 'Hie p«,mluciiw smith of the s|sji la very bright and Its 
highest tsiliit renebes an ulnvatkai pf about 3fl". (in May 27. at 5* p. nt 
I No. dlfdlj. n pnjiiUneiii.'i. alanit htsb eitemla frotn posJUoti nngirioi* to* 
1U>, This Is (loublkwi the i^storu ratreinlty ,.f |he slrotie aooculns in ptntp ] 
wbleh Jimy k' Ihere neon rurring townni the sjiot. 

We may now iflsa In mpli) Rirvey iho morn I'mnortnnt phoiogmnhH „f ihe 
ill^. ou ilay 3S, nt O' w- a. m. (y,, ,Un}, the Is near ih«S lUU Z 
tiu* whirls are well sinw™ To the of ,ho r,.,, U a Iona, nnrpiw line of 
bright hyilrt-^n. Ou .Mny .It, nt a* 2 h- (ko. -tni), whirls nre very .Us- 
Tliut and differ In many re«i«cts from ll.ime Nhowii ou May 3?i, Eriiutiva 
rritlotai of bTlght hyilnaten nro souibrast aiitl west gf the ewt Thu 

Mstem eud of the long, dark fliwailua la ehnnging In form, imd hrldcw ant 
npiiearlna over the R|ad h^.ithe Ng. diTti. Ufeon oil,, hour nnd nlnat«u mlnut™ 

T' ve' 1' E 1u r^he whithu though the,- are not inetumr- 

nble. Ou Mny bV. nt 4' Su" ai. (xS'o. -HilJl, the whirls tcsemhlo thoao shown 
hi nepLiUve .No. 41,but exhibit some inarked chaugwt. An erupUoti which 
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fllUKWRi on iUv former pTnte iKmlhtn^i of the tnntlDniv, lint 1 m clidJi}!^t \n 
form ami brllllnut tliiiu liofore. A Mtronj: enipElon of jK^nlEKr form iiPiN^ars 
MomtiweMt of Eh& s]iot iinJ lirljOit liYOiNieviL to tlie norlttL^isL C^rK 

hove alfio dcTelopeJ nt iiiaD>- iwlidic arrmnd tJie riiol Tbo i^ml 

of thi- limi- tliirk OoeeulnM Im EftUI ehiui},dTiR, nml a projoctlon np^H^tri west of 
Um irvnier ti«?c plaEo IJ. A tnkpii on Uw day at 5^ lEr p. Jii, Xci, 

iI7S) mJjowm furllitr Cliiiii;^ Id both brEi'bt uml dark Btructura^ OM|K\rld.Ily En 
tUe re^on p>on(hwf*fPt of the spot. A fort Iiam clevclp|ied tii tlae wi^ium md i>r 
tliE' Irtiif; ilnrk 0c»cirDliia, nml a Riimll tnit rerj' dark lloccnlnM iiiqn.'airfl lHGt west 
nf iht* iiiweL Atkiitber phoio|:m|>L I No, ilTP^ tbi' flm mcExiKtirv itt wideli wnf? 
iiuido lit SlT’ Ih 01 -. Mpfiwa 11 brTjdit eruptEuo wi'Ml of tUe spot, wliere tlie Mnuitl 
diirk doeculna apiK'Pln on _N'u, 41TS^ TJir eniptloD iindf^rweiit eoTiEdderoble 
cluiiigio of ffiiroi while tlm dvc ei|h>si]ri»f oti tliln pinto, sepiitottd Inlerrnls 
of n few mloEitet^ wi^e iK'tim made. At (Y t4^ \k ni. ntHEnlivo No, Hhowo lita t 
tho orLiihEhm lind wnTESflded, uud out uth-er definite chuLfci^L^ lu structure 

iimir the KiK^-t. The small dnrk f]04>eDlnH htm dlsapsimrcd, tin May :u, nt 8^ 00'^ 
rt, lUi <Xu. tlu- fork at Lbe extremity of the lonu dark doeenJoa 

tins lairtlally eloswd. No oruplhmM ap|M»ir weift of the Hjiot* but ibeTt are bt\^i 
irtiiw tu tlie FontliiMiEd. Qlbpr lm|iurlnnt ebiiiiia*M ore orldeut, mid tke two 
brldgioa tlie spot are COumpEcuour On June 1, at ?pn“ n. m. {No. IISO), 

tbe til tbe wi^lurp enii of the loti^ dark lloccillua appears luom ncairly 
as !t did Id dope live No, 41 Si, and Diu two brUl>p^ over tbe inM>t ar^ very 
jjuitkiH]. A uoiititlve taken flflpeD luliiyte^ Infer (Xu, iltMJl nboWB dJstiiiet 
cbaiiges^ especially In the rtT^lyii i^mtli uud MODthmst af flu> mikpI* At l)S^ |i. m. 
ill ibi! minie day urpitlv^^ aliown a. monp dlntlact whirl near the sThpt, 
liud due IcpiijT durk floeeuluj nplaeam to he ifrewtng nlKsrteT nt ItH enjiteru 
oinJ. On June 2. nt ^ UP’ a. im {No, 4tEW>, the wlilrlhm strueturv Is very 
Dinrked atnt more nenrly syrihinntrErMl ntnmt the Mjwt. which Is divided Into 
two porta (ng, % pi. 1). At 7* 27" n* Jm (No, 4138) the whirl Is nlno veiy 
uiLirki^l iiinl Komewhut cbnujfL^ lu foim. 

l-j* Up thia time the clumps, wblh* In mtiiiy eaHOfl mplil, were uol t«|H 3 crlally 
ylulmt* C>n June li. In nn tuturvnl of about ten mtunteR a reuiiirkahte Iraus- 
fonmitioii oeenrredH The loop dark floceultia, which bad tpaeo itmdnaily liuiuir- 
\ue In form and jjusltltm. wjis mnldeDly lirnwn Into ibe Blast, A a llimre 2, plate 
1, iHuatmtcH. the whirls were vetj- euiispleuous on Uie rpretvdluET djiy. A f^rhm 
of pbota^rnphu, nine of which w-cie otailv <pn Motive Ni>. 4All, tiefwjvn 
4* jss" m* p, ni. Jiutl 13" p, anil showlni^ tlio entire dhdi, neiai- 
tive No, nt l''J- p, m„ rL'Ci.prda Uie ebarj^m whJeh look plai-e ilurlns thlM 
tittjtv These jhhotoimiphn were taken by Dr. €. E, Rt, Jiilin,who jolnis^l thr o|j- 
i^Tvatory Rtatf to Mny, nnd Is Mbarini; wEth nk? the f-tH^eirntiou work w^llh th^^ 
flvo-fmrt MitectpoheUo^ph during Mr. KlJerumn^s^ absence on ^'acatloEi. Three of 
llietse have iwk-eird for reiPriMliictlon. i lRure i, phiiv^ ^ m etihinaMl from a 
iJioEoiEmfph made at 4^ 16.* |i. m. (time nf tmiialt nf KjHJt acrob^ celiliuatQr 

tint of MiMMztrtihollo^roj^bK At o'" 01" 2!‘ the hiJite ditrk doecnlurt f?! npimr 
ently TiiiclimiBeil In fonm At (M- 21^ an exprjdmre, whleli la nut ijune so wull 
doflnwh itUaw nri certain erhUmce of dian^. TJie ntyit nxtMiAnre, ninde nt 07" 
m\ e]«irly wliows the davulupment of a fork nt the cfiMtem end of the UoccuIua, 
with Lra4?eR nf a rory faint ctim"i‘^l tstisiiKEori lowiini ihe Inr^er kt>^p^^ * * • 

rbe n-est exposure^ nuule at 6^ Ul“* 5S?“, sbow^s the fork nnd part of the eaten- 
Ml I nk bat llie delltiltluii Is peer and Ihe [letiltlOTi of IJie end of tho patenHloii mi- 
certain, Tlio last esjKisure on thin pin iq^ mnde n t S*" lA" ri4 \ is reprod in>Hl In 
ntnro £, jpJate 2. • * ^ Tlu^ wpot rei^hm on negative No. 4202, naiclo at h' 22" 

p. m. tdme of irEioMlt ef Is reproduce in ppqjn- 1, plijtu 'k iJiire the 

iti^nltJuu and cohtmst are nlw poor, but the extcEEslou reiichlnjs nearly to tlie 


32 G AJfNUAL REPORT SMITUEONIAK IJfSTITUTJtJK^ ISWe, 

Ka 1:1*031 Ehpiwth, jih; wcH tm n Jitrk iJocculiiH whldi d«v^D|w(l 

tfijythuaiit flf t!i# biujiMi^ • 

If wo Hill C LEin i^lnt of flennwt ftjirPTMxoh of tills Roceulua t<^ tiio wo 

luiii'o tlio fnllciwlu^ n^iltn of niHiE^ui^uioiiiit; Fiitwinm oxjxisuroK ij ond T wo 
find for die imlnt O a c£mii};e of IjD* in IfifltoiJe uml 1.5" In lonisliyili-. Tliln 
txirrofliMrtiilrt to n otodon of 2.4" In tll5 isroudB, or 177 IflliMiHdum jior s^nxmiL 
IkitwtHm o^|pnffUrP¥i 7 and «, In an Intrrval of 4^^ socoiuH tli*'*X' a olumjeo oC 
?p^ In liitStttfcU* JiMi] Ip n voliutlty of 80 kllonlcti^nt fvr sec¬ 

ond. El^ht ndniit€?B lator^ i\i& axti^Hlon lind dlvLdiKL iitid tnovnl ncnrlj [o tLo 
ll^p rcflnJtaint cwpljoy for dtiomlty UoliiK frivJni; a volciclty of 
71 kllEiEaf^iom per mwiPisiL * • ■ 

Ttke dllfcmiocTi nnion^ l|ie thrw vf^loelUcs cilp titKt tio Ininted, ihonf^h tlio ovl- 
dHt(fof]ivor« tJio view tlmt tlio fkflt TOlodly wtis ocunilly liSKiwr tiiiin diootbi-m 
T1k» tijoFiTi of tilt? bIx tiH‘'aBirrHi UOO kllonayuri^ i will nt ti'nsft mTva to iflvo tLo 
op|or of thf mn^lnnifii. vidofjty In tlio vortex* 

TLc otHH'flsiiEiiX'- <Ff Um* BtHit mil BiirrouudlPit rpgtnti thltleen hotirs nftcr Uio 
nipld olijinjo^ dt^TtLttjd is vlimm In fluftifn a plulo IS. Tlio FtrEljsbt nullul 

lltirfl hi (Hi* iPiiot<F^0Tt|ili ntii Iti niEtTlc^^ ixaitt'nid In the eorviKl litmeturu in*t!- 
vlouftly Tlia cnutorp of tlio innn? plnhily innrki'd nulla I linos 1 h /uMtitl liy 

mojiKiiri.'liioiit (u Iw a abort dlstauoo to ihv csinl of llio oxtotialoii fnnii llii! lartsH 
llnjcLiilort In IJh- sijors wHown in Hpuro 2. plnttr -X Tbi! forkinl c«miii.-irtlciu to iho 
two siiots IkflM aianltiHximl and a wtroui? ilark lloecnhis lios doTolopotl ut ibo 
i<7Pnlhon] oirmtdty of the radial lino, ziuihilj on its oitiilcHi aide. Tb tlie photo- 
p^LpL tif 3lino t¥, 7* »* up (Mol 42lHi)» die rtiiHal smteture aarroupilhij^ iho 

»|Mit8 Is itn^itly alicred uuil tlie Uugcizlixts no loni^^r rtitPinilrahlif. Lum dmoloiPcsl 
a larirt' exti-iiakai toward tlio ivi*sh A notable feature of tliis iPliutu^Tupli |b this 
amount of (jrlsht oratHhe Stjdmptu hi Uiii tr^Um auironniUiip tlio two R(mCfli 
&ID 10 otiirUlvi* niatior q1»o a|p|jiiira In tLo pLolugrufijis of iLe iinmijog^ daiy^ but 
Lorti it Is KHMitly aupnontotk • • * 

As alfi'wiSy n^ainrkod+ the* dhdanco from tho siiot of the wPFttrm oxtomdly of 
llie la 1^0 ftncc^lus did nut l ury MyBtennitlHil|y% Tbp oimtem eitromlt>% on Uie 
conlniry; i^Piuiia^aml on Juno 1 to iiii|pnnmb the FtKit, and continued to do m 
until the Huitiloii change oLVurretl on Juno 3, V\t to Uiti? tliua tho veloelly, 
hurtwid of showing; sliiitLn of nccelenuinp. wasatPiMirpotiy reintili^], hut the chant;- 
In^ fnnu of the doueulus leaves this iMdnt uucertiiln. On thy phutogruijh uf 
May (^o. 1170) the wRlfl |s most cousjdciicius north of the hjmpe, wlior^j Hb 
^irt^uK dls(BTk«f is nlsjut equal lo tlmt of the Wi^tom mil of the liit|?o flcs- 
cuhiK. AiFiNireully. however. Oie Socculns did not fall coiiiiilotely lunlor iho 
loUiienre of the vortex until June 1, when Its easieni oxto-iuity wnrt 1L4*= 
110,000 kUonielerH froiii the iqioL Ttm ftict rlint the mlnlmom dlBtahro of itn* 
yy^H rti tiid qJwn^.^ oxtvoileil this quantity miij aceoant for im esrapo. * • • 
n limy \m well to dSreet sttonlioD to wrtahi iPfFlots width have Iwn noti-d- 
in the of hboioertiniiB (an neipitlvin? No& iL'OI and whkii ahow 
tho heeeulus lu tiu? act of beltii; iimwn Into the sprits, the stiHill fliK^JI 
nenr (ho (quits remain nJniu^t unehmiitHl in imaiaiFX imrhairt heniuae of dSlfpr- 
emre of 3pvt*]. 

lb tJuj caHj ut tbu hirpe (l^rtalow, atti'niptb t» iirt.sct oviduneta of 
niotjoti Urvmiti tbu vixAii bate uui yot |.ron-d mtucemfol, nlwns tttimnait 
lln«M vt Obvv. 

Ti^pithu Nol 41(«, tbkw on Jtmo 2, ^liuivs ,i <i„k ootoutllkp (aj.mr- 

,^tly doimibp n line of flowr ltiHf«t«;ting .i hrlfitit umtrttvo Ilofl.tiltia. TUe 
Anmimufl.' TOSKWU* Hut tUe i-nii»Moii doni iwit rliK> to the lovol nf tlie vorte* 


•llio tlttit? of winlJ^u No. 4 Jj 2 la moorthM) only iu tbu uonrofft mlnuliv 






SrfHItimun 


Plats 3. 



Fn. 1 .—Son-spot and HyMMen (ff-*) Flcccull 

JWA, JiyuL- ^ 4^ 6m lilr Mi. diMmvlrE-a>QJI ititf ei^, 



Fia 2,—SlJH-SPQT AKD HVDHOfiEH i l/iii FLJOCcyLL 

lKi% Jiim< X 5h m, ijjsHii,: SiujjF^ rtlHiTwltir-^.U mHitr, 



















VOHTlCIai AND MAGNETISM IK SPOTB-ABBtlT. 3^7 

.‘in*"'*'"’’' ""T'* rolntinif 

to tig r«««lblg of in«g„gt(c flgldg (,□ ihg g.m nmy i»rbflj .9 bg ollo«.i; 

We kngw from tig lomilsHttoiw of limiiiml tiuit tJig nipdl irveluttou of 
electflialij- clinrKOtl IkhIIm will prodncg a nmeiiotlo flcIiL in wik-li tie liaca of 
fo«g HT^ nt n^bt DDKles to Uig i.l«oe of revoliitino. C«r:m«l™ cnilfttHl by tho 
photoHi.bore mny bn drew Into tJie vortbse," or n prepomtor.inw of 

pt>» lu‘ or ncgiittTo ions nmy result from Borne otLer gniiBo. WImu (H)Berrgd 
tiltmg tbx^. linei* of fotro. iminy of tie lltiOK tii tie Bt^eirum nhoul.i \h> double 
If tiej nre piodugod to o rtmnj; nmungtic lleltL Dooblg ll,i«^ wbidi loci Jiio 

KjMnpGgmiili of Urn tower telcsTOjic,* gotiOruilnff tie TiBuul otnHTratloiiB of 
Vouui! ^ MJlHdicIi It (Oiould |h- detormiued wictigr tie wmpoumits of thenn 
double Itous are circularly jHileflEcd to oinnadle fllroctlon*. or, If uot. wJiotier 
other obviotm imlleutlrniB of a urnguMc Held I aimll ott™ 

iLc nec-wn,^- ob*rv„llou« «a b(hU, ub a ™itoiJo bjk> 1 ou tSTL 

A MAGKirnC flJSfJ) fK sux Bltfru. 

Girthing oiit Kk projected oWrTatioiia on Uie poIiirlKntion of aim 
sjwt siwtnmi lines, Jlr. ILile has obtained a most striking proof of 
Ojo esjstcuM of iiiugjiQtitj fields b sun spotij. Ati abaLract of hia 
piiper^ tin snibject follows: 

Of Tortlcw BurrtUfldlni! min spcta, wMch reanlted ftom fie itse 

thu i}ilro^ lino Ha for sjbir jihotiiKnipiy witi iiiiu.<tniio]lu«mpi< dlu 
elc^ la^lbllltk* nf roBcnrci not rrevto.TBiy foroBO.^, rCnjJS ui^ 
dally ftn Muimt IMiBun with this line HUBitrat tint nil pun sjuitB am vorticca. 

* dlBcusBien of ligorlcs whkh vrill Boen be ua^ 
tokai. RetMiiDft (it, they do, tin oilstoace of dnUulm ourmntB ned wlilrla in 
l^‘ mlar ntinospla-m, tiny nlTor.l tie rggolBlte njcmm of tie mlSi™ 

U rikfr fititi ivt eertain iJh^nEcul laws [iroi IdtihE^ am^Uod tcmtsrrlul 

uf riAnr,'!] ofmvii by Ibis rwsat worb wllb Ibc sluKlrblieUsBujU,. 

KLzcTftfi: cojfvtcnax 

In IS7K Howland dlwon-rcd ilmt ni] eleotTirally eiarued ebonite dbi wi.„» 
set Into rapid rotatbin, pmJTiceil a maKnetig Qold. caiiiabieof dofloctlnff u iimi! 
uellc needle mapendrd JtiKC tihove tie dink.* it thu» mumami t!""! , 

-i,b „«,s,,b„»JC""b:sSy .1 

Just such effects an are csnijod by an electric tiirnait flowing th ** T ^ 
Itowtond's wiirltos am Umrefore <.y»rTefl|B>iiLbi to a sSort Kira'S 

''TcJ^iiTS'sKts ~ 

,b.« »'rr.,:"s„3b'r.s:.rr“ 

'J^oniBOn, Coudnetlfta of Eltwtfieity dimugh amses, n ini-- 

►Hale, Oontrlbattoiis fteta tig iloimt wi!«« LT ' 

Aetfopiyslcal Jemnml, Voh XXVll, ti. 204 inos rrmerr, Xo. 2|; 

'’“''tn (A-otenihet). tflOR. 

tery. No': A^rtXSl 

ssme-«M lliofi-22 
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^kniilrl^ More^sTpr nt litwli cnrbon and msiny oOior 

wliicli rtncur iQ the mm intuit ebaf??&;l corpuflclea In io’eat cambcTB; 

the etimiNtenieiitiiry iM^Srlvetr ehar^od prswnt. luore nr 

lyjss eoinpieteljr aei^nited frnni the iie^lh'o c:tir|nu«Tlefu^ Thiui e3wtT^>’miiFm*5Me 
dLuturlTnneeFi on rt vant Bciile may fwilt froni the ni|>Id motions ctt ehfii^od |iar- 
tk'te*! prcKJuwd hy eniiiitltnj4fl ur olhvr m^at dtiliirbjiiacefi. 

ScHrin after the dlticevery of |ho Tortk'SMs iitiHoelnti*d wHli sun eimta It q<rcurKHJ 
to i]jt> Hint If a jin^iicrtictemiiw of jKialtlve or nt^ntlre lunm or eorimcjcletf i^>uM 
\\e‘ Hisjiimj+t'd to eiltrt In tho rofildly n?vohi&g ieuwp^ r nmRootle dold* aualosooa 
to tiint obsoned by Itowliiud In the Ifllronklorj'* Etkonld be the rtf»ult, An eiiunl 
niiDitKT of (XiHltlve n od negative lons^ wlien will rled In n vorteK, won hi iiroitLtee 
no resultant fH'lil.^ fftaiee the effect of the fKiFlttvo elmrgoii would esaelly olTpel: 
tkrit of the nnaitlvo cluirgen, Rut Tbcminm'ii atntemeiit r«i?rtnllnji; the iHiHHlhle 
eti|>luiiii emtiivian of L'OTimisGlett by ibe ikLotti5i>hero, nnd the timiletiey of Eiegcitlvo 
tuiiK In Bcrinmte tliemMelvEjH* by their grenter TeTocItj^ fn^m pofiltUe tniUK led to 
I be Ikellef that the i‘OTHlHlonft n*'et>fisnr>- for the production of a nmjrnetSe hoJd 
might Im reuhml hi the iwilrir viirtlewt 

TliuikkfS to Zkmnaan'H dlNCOV^ty ef tbo effect of mopietEani ou rndlnlJon It 
nptHtiire^l that the detwlloti of auieh o magiietle field aboiild ^nfTor i»a greui dlEB^ 
culty. iitovErtcd It were Kiiltktently lTitoiifle+ IVhen a inmInouB vnpor la tilucoil 
tictweoii tlie poles of a imwerflil magnet the Itnea of ItB aE^>etrunb If f)thpervtxl 
flUiug the lino* of force, npjkear In me-it cnsea an dunhk'ts, having eoiuKH.>tietLtrt 
clreuJarly pobirlKed In optKmlto dlrcetiniiB. The dlKianee between the enmiK)' 
niitkta of a given doublet la directly protmrtlonn] to the atrcikgtb of the deld^ 
An illlferent Utip* In the fliiectrnm of (he ^«lme eletrwtit are affpcted In dHTtwai 
degr('t\ It fnlhkwa that lu a Held of moderate ainmgth nwny of the line* ntny tio 
i^hnlily wJdefiinI, wbUo otherKr which are excet^tlonnlly sensitb o, may be acpsi- 
nkti.“d Into doubtetA 

THE ara-aPOT in'^CTUi'M^ 

It baa JoTkp tikx-n known tlinl tho of n hud hjmh dtCferfi from (Jic 

oplltaify BoJrtr HlKHTtnjm In sevemT (jarttetilariii If, for exam|Ftet we exankine 
the Iron ilneB In n spot we And lhat Home of them are Ukoru lotenRe ttuiu In 
tbo sotivr fqu'Ctmm. while others nre wejiker. Again, we tier reive llmt ninny 
of the Hind hues are widmed nnd that ibe d^rev^ nf widening varies for different 
IliVMiL Finally. If itm ohs^crvailons aro made with an Jnstmairinit of high dbk- 
tMTslon It will Im> Moen Utat some of the Imi Hne* wblcU are single in the solnr 
S 3 H?elrnni are donhle in the spot spoclrnni. Sueh. rtetihle lines were first sneEi 
by Yeung la with n large attached to tbe 2S-lncb FrlRceloii 

refmrton Walter il, Mitchell, who anbstiiueikily obsnfveil them wltb the Rutoo 
inatnnaeiit. ikmTilaii the doublets a* ^ reversal^* whSeb they closely resemlkle. 
jitltclkcirs i-uipers contain n Tnluable iwrlcs of obKervntfMin! of these re versa la 
and III he r auii^sipnt (lii-enomeEkii.* • ■ • 

Oiir lavestlgalloTkfl In this field uii Mtmut M Mwiii hnve plveti the first t^mto^ 
irraphlc rw>rd» ef the " reversal a"' or douhlots Boea vlHoally i^y Yonag nnd 
MItebellp and revcnl ihousands ef faint line* beyond tbe rwich of visual 
Dbp«rvatlon. • * • 

• j, J. Tlii3inm!n* f^aiductlon of Eloctrielly thmagli fjiRsos. lu Ktk 

^ tiniciw HTimirattsl hy ceutrlfilgii-l fQrce+ ns emjggested by Frckfesaor Nielio1& 

I? M niter M. Jllicheil. ^Re^erj^ils lu the spoetni ^^f aim siMita,’” Astr^kii-hyalcnl 
Joiimnti A ol. XIX, p. , IIHM; Etew^nrehm In Ibe Muu'^spet sctectriitn^ region 
F a-h IhIdM Aol. XXII, |k. 4* TSiCKii ^ HohuIih 4 if volar abservntlous elE. F'rineoton, 

ihid., YoL xxjv, p. n, im 
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InTiwit lent Sons on frt*u^(ra of chminiliiD. tltimlum, vdna- 

cMum, iiiid otLli'E>r uiE^tnlet iri^nfEtii^nmnEi lu. umds^ wStR die nre, f^p^irk, and 

flaoie, Jnillmlw] tlmt rbt' cluin^^o i>f lJ]i* rf^liitlvo Jntcn»ltj' nt llQi*a uhshetv^ Iti 
ffijai tJlf i^jJjir rt|iectniiii to iLft iqirtt uportmm la lino to a mlwrtlon of 
the roiiiiH^rdhire ni the spmt vnjiopfl.^ s^iihi^noiil work with ii new cJcjctrlc 
fLirunto Uy thxtor H\n^^ Ibi' iIl^EfiII?! of which Imvo out yvt Ixen ni]bllidLi?a, 
to loHvo JitlEo (JoTilit tliftt i-^pInnntloD Ih cormt. It Is si];ipart«1 by 
tho Iiresefiw In llio Bfiot of etmiiNninilH wlildi la hi> illfisoelitU^l nt tliu 

lilBiH'r tpJiiixnitiiR? oiitfliilo tliu s=ii€t, und hy ibo mt-niRInnep of ttixtt K[iCT5tra 
to tilt* fjtKxini of rtd Htiim'' 

While OUT iin-OFtl^tfimH hiive tliiiK rt plonRildc exEilotintloD of somo 

of the obiinicrEerLmle of buh-j^ikiI pqu'cEm, tho whlpiiJiif- of ilovfi and 

the prcRontH* of ilotitilets nro nmonj^ tJio rt^EnnlnlDg EXH^'Eiliarltlps llinl i|(?iiiiiiid 
c.'oaHldorntfoOr As wo httse Loweverp IIiok? xvty ]>€xoniirItlt}o an? proof 
wljut ivoiitjl iK' iL^3cr>^‘l<Hl if u oiJP^Oetlc Belli were preaenb Prompted by tho 
Uiooretk'nl eonelderntloufl otitllnefi jiIkivo. atnl viicoiiroj?cd by tUolr npjisirent 
aprceoieni ivllti fjiclK of otwtTvntlorip 1 ikclded to t€»t iliu raiu|JoncntB of 
Uie «loub]otB for evji,loni.t?a of cJicMtor imlorlmtlon and to iiOek for otber 
iildIciltloQB of ibo elTt'cU 

A 

MOJioij or oosEinATioir^ 

The tower lid^tixipo forma nn Jmnpre of the Mm, ohont 6>T lnelw?s (17 ceoU- 
tnotorw) in dlomotor, on tire 01 It <»f n vortlml arto^^Tiilfnipli of feet fm-Hl leui^h. 
Hals iDPtnimeiit, to wlilch referemee Iiiiu nlifody boon modOp stnotlo In n well 
with eoncToto vcilUr, tbe tTnitlng bolnfj nlj*ut iDTtl feet i» loeterH) boTuw tlie 
[TEtrfnre of the grouinj. Tbe lemExmriire nt the bottom of tin* well to ai ooo- 
slani tbnt e^rioonrofi of ntiy desEred may Ik- glvoti, without climber of n 

ihlft of I bo |liii« reaitlllnK from oxipanKlon or coutraetiun of Eho A 

Fresnel rtiomb ami Nitol prismnro nionntiMl nbove |he Blit eo tlmt tlio llirbt 
of tbo solar hnn^ imsseo throutsb tbem. If the ilmdilelH In oiiotii Eir^ pimlnetHl 
by a njoinietle Bold, tho light €pf thi^lr eamifonehtav clreulorly polnrlted In 
opiHjalto dlreetlonK, atLouhl be trnaBforiiiifil by the rbomb Into two piano ikiShp- 
myfi, dltTerliij; iwi" hi pluiBo. TIiuk, in n certain iKitdiEou of th* KlctU. the 


"Hale, Aditms, niid fialii. ** i^rellmlimry iiajs^r on the rttitso of tho ebanieter- 
Isllc phenoincnn of stm-KiMEt E;m!tra:' t'unlrlhnthms from Ihu Monut WIIpujii 
B olor OliEervntoiy. No. Iln Asstrt>phyBleu 1 Jonnial, VoT. XXIV, p, isfl. 

Hflte and Atbiuks. •^Kecmlll pnper on the ranHe of the ehjinicterlatlc |>lii-noiiuam 
of Biin-sixpt ftiUH-tra," t>»ntrlhutEonH froni Hie Motmr WLIson IkPlur Observatory, 
Xo. l&s AsEtoEibyi^EctEl Joumak Vo|, XXV, 75. IIWIJ, 

*»KSii^ - All oTwtrle fnn^ec for apeetroscoplc InvestIgatIona, with resiiltM fup 
tlie einxtrn of tltonlnm und vnrmtlhiiii/^ Contrllmnonfl fn>ni tbo Slonnt Wilson 
Solnr Ohjwnatory, Sjt; A^trophyBleal Jourocil, YoL XXVnr. p. l^Xh 
^ iJailo atLil Adcima. *' £;i,in-]«pi^t lliieii Iti the sjTii^ctnfc of red t?Rntrlbntions 

from tho. Mount Wll«n, St*]|,r Obsortrutory. .Vo, 8; Afltrorliy*i™i Jnumnl, VoL 
XXI[I, p, 4W, lOOtj; '* !^titi-«pot linos In tlw* spoctruiu of Aretiinm," 

CoiitrlhMlfiiliv ftwiu tJio Mount Wilson i$o||tr f.lbBorvatoiy. No, 12; AstrviiLrKk'itl 
Joitmnl, Vol. XXIV, in. ih)^ ttmii. 

<«4liHal(i«l for tills piirposo In «K«. wh™ tho M«t of sKirrhlapf for tbo 
Minn flfift III Kun HfHitu tind itln^ndy ticviirnxl to im*. A rlsiia] tfMit of tln> n|iot 
Ilnm for |ilnne jKilRrlzutlon. inudi.' with th<* IS-font siJcctroE^pli In 1006, boforc 
we imd pholoitiitlibed the donblelo, gave nogative remiLtik 
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n^lit from tile rtMl miiitM»n^ni ulmalJ 1)4? imnFmlltMt luuj Hint of lli« vk>M com- 
poocnl «it off- "WTicn fotatod 00^ In uslmulli. Hio NIcol Pbosilil trftnftmlt Uio 
violot i-onitioiieiil ttiid cut oCf (iic rtil componenr. OunfiJoto cjctlnctlofi i>f oithcr 
coni|nio¥qil bt Imnlly to in? c?ciHH‘tt‘il» tiocno^ tbe llpbl ffyfii li)c spot docs oot In 
Koneml, (mme esin^tly nlonj; the Hnwi of force, niicl ibc ilntilitom snny tlic^-foire 
f^xtiLhtt urniii* of irlllptlcnl fMi»lsirlaatloiL Morcoveri ilifi hitim of Huiillidit 

iindcrKiw's two redcetlonH on tlic sili orca Burfnee* of I lie eoeliMitJi t: beiiI Bccood 
uiSmirs <if tno tower toIc»L^a|ic, where cni[>tlenl iHiInrlKntJfm rnttsat aj^ln l>t^ In- 
triiHlnccd,'* Bj laitthig ttie rhomb nt the iiroiit^r miglOp latter effect, whkh 
In mit very Juri?o* cnti bo nlniodd wlfoRy clIniSEntlod, but the former tioiy irtny 
W)U30 iwirt^ r^vr-ft tlin »JH>t 1 m nt the cisfiilcr of tbo sun. 

*tho llRhl of ibe sjkfit, lifter trufiHaulBrtlQil tlirout?!) the rhomb nntl NIcoU comes 
lo ti foniK In the Iilnikc of the ^\U While iihoUiin'nplilne the pjHvtmtn 

ItiL- Milt Ifi covorwl cic?cj]t fit lt» Jparb where ti rt-Jrtlon corrvHfHniillni; In 

Ictip^Hi (from 1 to 2 njllllniCtCrn) the dhiiucter of Hmj nxnbni, rw^eivcM (Jan 
light, fiurlin; the cx[H.^Kiiirk\ nhlch mity continne froin n f<?w min in™ to orer 
liEi hour, tlM? Inmge uf the unibrn In tcfH Jia nearly ns possSbU* wntml on tim 
Hilt, ntiy IrtfiffularltleB In the motion of the drlrloi; chioli hcloi; corrcetwl hy the 
olm'rtnr. As ibo cjc|KiBurc f^•^r tlw sjsot KiK^imm is from five to twenty times ns 
loijic as for the Holfir st^ectmin, II Im (^t'himt ihnt enn? must ho taken to pment 
light from rc(ElDnn oiitahh? ihi? ntxit frcmi entering thn slU, 

For u oom(ifirison niH?<;lrtitn Konhght Is list'll, geiictnlly from n |iotnt In the 
lfi^^La^ Imii^c n pburt (Jislnnw awny fmm tlK^ b|>oI, where notie of the cluininer- 
|«ilc ifitoi phcnotnctin nhpcfir+ l>ntltig the e)£tKi«:uro, ttmt pnrt of the sMt which 
lircvhntpjy n.wS^t'il the llBht of the umbra Iw coverwl, anti enmlljiht admit led on 
either Hlilt^ 'Tho llplit of the Comparison isiH^ctnini juissei? through the rhomb 
and Nhsib Imth of ivlilrh oeeiTpy the hi me piHsItionB iia In the chbo of I hi* 

Core is tokt*ti to »□© that ihe f;nitlne; Is folly illciJElnated, both for the Bs»ot and 
conilkirIsQU si^tith In nUiHosItlolm of tbe Xlcol. 

CTBCrLAB roLitttSLL^m» A.l4>NO THE 1JA£S OF FOJICIt 

My flrpt ohrtert-nthiiifi were made m June 24, In I be ^»ectmd order of the 
grating, but the rc'sults wepp rml ciMirhiftlve, On June 2rj I iihlalned oonjo m?od 
tihotogrtiidiM In the thlnt onler, of the region X ntKMHVAiO, using HetHfa EJroci»sa 
lilutcs, i«eEiMStl£€Hil £H>r the retl hy Wn Ehice^a tbree^lj^t formula.^ The^e clearly 
Kbowe<l a n-verHal -of thi? relatlte IntennEti™ of the componentfl of Mimt ilnuhletB 
w^hen I be Klcol wub turned through an angle of RtJ*. Moreover^ many of the 
wldcntMl lines w'ere Bhlfted In thosIlloEi hy rotation of the ^Clcol^ Indlimtlng Hint 
light frtini the Oflgt-s of these tin™ Is circularly |KitarlsEt?d In opiioaltc dlreelloniL 
'The rtlsphiL'cmenTo of the wkleiied llnea tipiwarod to he pia>cl»e3y Him Mar In 
chnriic-ter to thooe iletinitiSil hy Zeeman in his (Irst ciliMfryiitlDUB <if radlntlun In 
n nuignetlc flelil, 

A oorlcB of pho-togra r^hs, mnde with the Xlcol act at various aiigleA, m<m 
showed the |wa iKisIlkina glTlng the liaLElnaum effect. At lhi?w [hosltloam ihw 
w™ker eomiMments of the pitooKcst doublets an* not nlweys completely cat 
oft, lint tJietf Intensities are greatly reduccMl. Sometlmys hardly a impp of 
the walker comjHimmt remains, as may In? neea In the cti«e of the vtiiiadluui 
ilriiiblet at X GlklO'.Si fpl. 4). la this plate ?Co. h sbowH the doublet In the 
ordinary Hjot spectnim. pbotogniphed witbuut the rboiub aud NIciih N>. 4, 

*A study of the olllpllnil jailnrlsEitlon of iheae mlrroi^ Imib been made liy 
l>)etor John. 

» AMrophysItuI Jounml, Vtih XX\'I, p. tbbj. 
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fmni fi pliQtnenuiiU (T lllO) niJide wlLEi iha Nlcol iwt jit £i1,* Klit>iiV» cniJy the 
rwl ci(im|iimi*fit iif llii? N>, A tUe ttiminff lll& Nicol 

only tlio violet comiwiiioiit Other ¥|»ot Itne-s Ln thk'se l^liol^JKriklihs 

rlmnjifr lu n KhuIlBr wny, 

PljotosrroiiliJi llte ihi'fie fieeoird to lenTQ no doubt tlmt the eomnonente of the 
»\wl doiitib^ nro eirculnrly tH>lorlxM Ixi optni^lto dtn'i^tJoiiiL Sluei- ihv oiilj 
Iciiowu tiiimttH i>r tmusfonulo]; a line Into mtvh n donblot Lb a atn.v£i^ uiui;- 

uetle ttuliip it ali|iftiirHl prububle llirtt ix suo ajiot mivh ft flt'M,. AIvlI tbiit 

U»" H'klejiIriit ond ituiiblhi^ of tliA ILn^>4^ lu the H|H>t ^HeelrniM fiom ibiB 

niiiKt*. tsiit Jiim li jnc^uhiLncil tiN ho done iH^forc ibe jsnjof t'^nild be reitunlL^a ra 
cntnplete. 

SIiKV th\s prelim Inn ry worlt t hnvo nuide oirer 2l>0 photo^^pbn of BfKit 
B|ke?ctni with p(»]jirl-3£lnj^ npiurutuB lH?foro ibo oTlL In nddttlon to thlft cob 
luinioti of nilinerokiM Ikhi/togriiiplnk of Kome Idkim with 

iHklnrlsli]^ atilmflitklM tiy Kb Johrit nkiil othellft iiukIm without ^liXkl tkr 

Thoi]]tk l>y ALlniii'i Jiod cife cu';iiil;ibie fiif htiidy^ LiELVe lieeti 

tiitwl for the ln>i?!iiT|;mtlon di^TlbisI In the fo] lowing Iviij^h. 

KEVFiastJi n>b^»iTii:t« op ufullT a?«o iianobj vo^nct:^ 

If n Nlcol In net m ns to cut off the vlolot cointmnoiit of a doutdot ohHcrvei] 
nimi;; Uie Jinon of fom^ cif n niEipiiftlo Held, ri^vonml of the cmrtvikt will euuBo 
the red eonLptmenl tii dteukt^iMiir nod the x'lolob iiorntHknujit ti> tHHrcniii! rlnlhlo. 
rtoverfitLl of the dlrw-'tleti of the cuireiit In n tnnijkset rurreiqicipdj* to rtix'onsiil of 
the direction of rt^vutittioti In n Bwlnr vorteje, if It ronhl be shown, hy oP 
li]der^>ndeiJL inothctd^ thiit In two ikun-^icKt Tikrth^en the ehtiir^stMl parilelep tire 
reveli'Jiig' In iipiHkHlte illriH'lloiiH^ litck tvH comjKinentik uf the doublets should 
xiptienr In the B[^a:trutii of one sjiob nnd the violet eoinponente Id Unit of the 
other* the fshHlUno of the rhomb qnd Xlf^ol remnlulnf; nuehjini;;ei|. 

Foriurmteiy the ntHTirrkhidhkernph jdiili^ Jniircntn the dlrt'CLion of nwohiUckU 
hi the fttkbir TCkrI let's. The xwtlces Eire eonuuintly eliciiiifhuf la jiikjH^inineep 
nnd llie iftrwink lliieu xire not nlwEti^H ch!:irly dethu-H!. Ptitle S In rt'pniilueiHl 
from n photoj^iph of ttio ntin ntude tky >lr. I]lleriuiiu with the fk-fnot «|M>elrfr 
hellof^Ikh un Se|>ri-iikl4iT nhd 10, It showB tiiVk s|xitB^ one In the northern, 
the other In llie kM]iilhi>rii heinlKiihere^ with vorlls**^ Indlcntlu^ revelntlan In 
ufkpts^lte UlrsH.'tloEiS, If we mny Jtidp^u frtioi the eurvntuie of the strciiiu llnos,^ 
PorttouH of the BtiLTtnfc of the*? ^imiUie, pltoto^rEiikhtsi by myself im Si^ptember 
S), are reprtKlueed Lti iilato 4. No. I sbowu the BjHvtrmn i»f the Hoiitbem 8|kot, 
in which the ilin.i^'t|iih of rei'nlutTon wob t^]^^ekwtnir, tnkeii w'llli the Nieol set 
nt 2[** W. Otkly the red comjioueiite of the d^filhlein apix'tir, Tlie ikortliem ifin>b 
Lit which the riwolntlon iviifl counter cltachwlse, w-as Iheti [khobiitrtitkhekl ^2)^ 
Aithofiith the Ntcol and rhomb ronmlnod In the aime jkOBbron na tH^fore, the rvd 
cototutH'iiiH iif the iloiiblA-tB nni^ now eul off, white I ha violet ones are visible. 
Dnrkn* this exjkUBure the silt wha keiJt on thir wt'fltem oaibrEi of the northern 
spot, which wns divided bitw two imrlH by a hrldi^e (not Bhown la the n'pnv 
duetluiiH), Another e:K|Hi«nn\ with Nleol and rhomb iib before, wiia then made 
on tbk- KEiKlem timhm of thu mme ^lot with rcBulta slukUnr lo those ob^ 
lailnod for the western umbnn For the tlbnl e^pesare {4) the rtlit wns kept on 
tJie ciitrtem umbra of the northern Hikot. and the Nlcol rotated IKi", An waa 
to bo expected, tbe rud eckinjionaiiti^ were brtUTgbt Into vh^* and the violet 
nunitkoncntB extlnirnl^i^htsl. Thin Kiieetmm In therefors preclBcly sliullar to Unit 
of ibe sonlhem uikot, whlcb wna taken whh the NIcol In thi^ nwem jioBltlom 

* Right and left banded vurtlet^ Imve atso bean found tn the aanie benil- 

Bjihurtv 
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TblH remit Ima heen 4.-utif]r]iK->d by other ikbulD^pluft, wbleb lD4]lcfiti? th&t tlie 
Lljfwtbin ikf tli^ Ji]u'u>'ri upurti tlun JJr«rtlciii of rEfiVolutlon 

In the v^rtc^c. 

PtiAtf E PtlLAKIZATfUrV ACmOSH TUT. LllCCH OF FPBCK. 

So fiir u'o linvo ockuniiyil riur ntloiiLLDii to |h:iibirEKntli>ti iibnuonionii otsenfki 
nloriR thD Hncfl of font^ B\it Lt bt kiRi^vii llukt tbo douh]€!lA nm. In ^omLp 
ImEkHforniul Into wbioi cibsi^n-ixt in n iteU\ dt flgbt to 

I be llikk^ of tuTAn, Tlid v-^ituiJufliiditK of the ti'lliN.-Ks im* tkEiiiH' iHkln rli^etU tlii* 
oki?ntrnl lino In ti jiibiuu nt rt^lit ntk|>ie«t In ttio jibine of iwikEnrl^AtklloTk ikf tiid Kldi! 
ooupriiionrii^ U hIiihUcI lie jMftKHihle to iK'ti'tt i^ikulUir ittit-noiwiMm in diiot jniHH'lnl* 
If they dn+ Eirodui-nl lo n IJeld. 

II linturuby iLitiPi+kikM tlinl lUi^- p^'etni are tiawt cop^nattkly ntwm'wJ wh+ii 
the Fih>tw i\tv not very fnr nniioml fpcnn the t^nior of ikk* sun, tkecanw ftpnh- 
FiUorti‘ikEii|; nenr the Itmtk iln^ unibrn to ti nnttnw ^rUy i!lfnk''ujt to 1 reet» 

lai the rIII. Thld may |idrtld!Ly e^tidnin why nkir titmtiwaiklia of spectra, 
taken wllboiit |si|arlxiittun uppirttlod^ ahikw Itiik ilnnhlets withont a traen of n 
^Tntriil utkmiioneut. But It dtn-a not 111-1*011111 fur tlio fallnnir of ibe coutm] Hue 
to aikjseir In Ike a|JecTni of a|>ol 8 well ridnnTt>tt frwiik tUv router, li Ib true tlmt 
a few trlfkliMK are nr Iti nil of onr atmt aiii'otnit mhh a« MkavusTp, and 

1But thvfio I ha in n-^inlMl rnt prciliahln t^saintplna nf im e.tivtklbknal 
tyifcf of timv, (iIjattitJ In tbu inlsjriit<pry jis Lrlptolrt nloni^ tlio Urnyi of foti-o. 

• • ■ « * 4 * 

LAItOKATOBF TI3TW+ 

If the wliIfKai;^ IIfipp iiml ilouhli'-la Iti i«tJ<pt HtHfctrn lire tkmtlHotHl hy a nta pru a-tp 
ftelsh nil vqiint iIi^tvc of wiikuliu^ niid nu isiunl nt.-piin!itlaii of tliu nomiHPiieiitst 
of dciubtots ethnulij bo fipund lu the Entpomtifry when llio mtuo lliii^i ntv ^itksk^nrpd 
m a fluid of winol fltreuKtb, Ax iLi* ]iuin*^iry tipivinktuEt ivns fortuiinUdy nvnll- 
dblu, tliu wort w-an til (Hieu iiLnlurliih^u In our PdHiideiia tnbomtory by Doctor 
KIniiL A hrlltianl Kjinrk Js |nrodiirt‘tl by a [koitMktlal irduahkriuer bctw^iMU 
ulcrtvYsk^ HtkiJfxprk'Hl In I bo fluid of n l4in!e Du BuIa tiij\|:tkuL 'The llj);lit, j>a w#liiic 
thmuab tJip 1110 ^* 1:1 poto pleoofs fulls on a Iona, wbteb tunm nn Inmfc of tbo 
iqiart ltd iLu pllt uf rt emicnl ii|»etnpi«ra|j|i, ufter n^llt'ctJotk on n mirror moutitucl 
iLi itti djiglu nf 4|s* ntsu e ibo slli. TLId rci^rmph* wbldh Ift preclisely abollar 
to tUif rtckfmpt Mi^otlrofirEtikU mwil vrilh ihp tower tolusieoEK^ aim fflnudA Id a con- 
jfinnt teiunernture wed, wirb Dio «Slt alM>ut a foot alKPve tbo flosif of tb& 
Inihiratory*" It tmy iinhI na an iiiatrunieiit of ;i<> feet fneal lou^tli. nr, ns In 
ibo prefient cnee, a 5-lnrb (13 eoiLtinjpcitera) ohjoettiu at 13 Iv^t (4 meters) 
frKnl lon^tb, wlib n 5-fnuh plane mtinj;. havlni^^ 14,4AS lines to tiiu lurh iSm 
to the iDllllmeter>< enn bo Into the ails of c^illlmutloii 33 foet below rbe 

Hill. \Vl!b thiH Htkiiner foenJ JongTli ibo dbi|H?raloti In iho aoooiid or tliinl unler 
of the ifTtiliup l« nmply sutnelout for tbe pn^tit 

If ulJ of the diiuMelik obpa-rvwl In Hpot eouJil bo plakt^wniikbutl in the 

lalkomtoiy ti wouM lie ensy to tikuke el mtisfacioTy eoiniiarl^ti. UnfortutniTely^ 
Imweivn nioffil of Dn-su llnus are very faint in tbe siairh. nod an tbo KtvaiE 
nmJoHty of tlmm ocenr In tliu l^iM rofmuglbh^ pdrl of tha siwetrutn. cxiwsures 
of from dftetdj to twenty buutw nn- aoinolLini-s rotmlrcnl to bring ipui ei^idi tbe 
streniaT dowbtlohs- The rL*«uH^ hlthorto obtained for Die Iron ilnuhlota nre 

«Hnlo. **Tbc i^sndeiin Ijiinjnitoiy of the Mr^utit Wilaon Sidnr iMHte?rc[itflr>V' 
Cpncributiouji fniin Ibe .VIouEit WiLson Holar Observatory^ So, Aatroikbys- 
li-al Jiiiirria!, Viik XX^'^III, p. IM-I* 
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broiifslit Lq tliu fotJqwloK tnliliv I nm ludditftl l<j AJf* Adamfr tt*r 

thoBii nml for many iif tbe oilier* siveci In thla puper* MSitft Buirwell 

imd MIf» WletJiaiii luive alnu osslEted In tbe- mcnaureuw^nt a£ the siwt and aiwirk 
pboti>irni|ihA^ 
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Ttif Omt L*oIuiim Ktvt« tbo ivoTO Tt^ngib of llio Elantilot; tha rccojiiI, llif ae^nru- 
tkM:i ia AugfltT^Jiuo of fin* couiiNinnuiiia^ ijliservisd along tin? Ilin.i* of Inmc Lii n 
fluid of niMJut irMW) imuEstai* tlio tblnU ilw? qiiniiilfy givm In rolnmii 2 dlvlLU*iI 
by S.1: ibe fonrtli, tSw auiairatton of the dompoiicnts obsiirviHl In Hit ini*>t »!•«:- 
tnjftij tilt flfiU, tlw? ri'ftSilimls obtained l>^ siihtmctlng Ibe c|iiantnie« In tJio 
tlilrd erdniuii frthEU those In Ihe foiirlii; the Inst toluniu j;lv 4 ^ft tliq ratio of tlit 
wipfcLration in tbc sihitK for n field of obont 10,000 gnuESL^ to tJin obserrud 
ration Ln tbe Tho luefin vnliie of thia raUil^ O^L glvoa iin approslninlt 

tnuaftnru of tlic nttviigtl! of tin? fluid M spots, wbicb uaiu4.>s out about l^ShX 
inutmeKSL 

Tbq ngrueiiteiit lM?(Tru<di tlio spot nnd IfltioratoTy remilts bs bo cloao tbnt Lt 
t-ttii biiTdtj^ bo the rpHuU of ohnneu, Ftut whi?n we cOrao to tbu oobc of tltnulnui, 
oheturrud In the lubfirator^jr In a fluid of nhont lZ5t)0 jijinfiauB. wo Qud a very 
different condllluii of nffolni. 

T^bli:: If.—Tffantujn donblclA. 
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If we use thu ^ctor n,1 employed In the ensq of Irofi* we And tbnt two of 
ibw^ doublutH. XilOIMJWJ Btnl XlEJOam olffuu elnscly In n\-»>i ntnl Hiwrb. In 
tujinu of one aiwt phnlojcraiibH XOCtH^o qppuara to bu a triplet, tboiigb ibu 
ec?oiponuiitii ore not ulcurly i»u|oEKitqd+ With tbe rbomb and Ni™i a fa tut con- 
tml ieom|H>nqiit perslstn wlien eh her the red o r the vlokd ctiiaiKiount Is ent off. 
It Ia poi^lblu tlMit tbia ueutral Une Is dun to Aiitnu suliatnueu Other Hmu titanium 
In the but It In i^rinlnlj very nearly In tbu ipoaltlou of the Aolnr tltnuluni 
line ^ X 0311^40 nl^es u reBldunl of 0 j(X 1 Anitatfumfi, wbleb exceeds tbo error 

■ This Vttluo of Ihu field almij^lh miiy be Id error by l, 00 d gnuBso^ boeuuse of 
the dIstutbItiK effect of the Iron electrotlcs^ 

^ It 1 b cKinc^vable thiit under ecKiiLlltlanA nnaluanuB to thosu Unit givu rtou to 
the II 4 end Ki Ltnes, n donblet inlgUt be produced within tbu ntiong nmgnutic 
field of tliu sjjott and a alnglo line, nt the itmter of the doublet^ by tbe abaoriUlon 
of the vapor nt a bigh le^-ol, where the field atrenglb I a low. 
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Of meamironwiit. Tho otiji'r floubleia, AEfflairifl ddi] AriO(W,W, ahow In tl» spot 
tjiectrum tint Urtle wore ttinn oue-baJf itie EupuntLloa tbut woutil be expcclea 
un tbvHwiuuiriUuii tlwt iLe ^reiu^tb uf (Oii field la ibe si me fur all of tliww lineiL 

On emialderntloa It will lie WH>n, Jiu^erur, llmt the aeimnitliiii nf tbe doiitileia 
ID list t]eiii>nd. Id iftome diitrce. on the tllstrlhiitlim of the aljanrhlrj: vujior Id the 
flolnr utttinH[iherc. udiI on the tHieUkdrat of ahHortilluii of ibi' jitirtleulAr liDf 
I iDjilo^eUi A Htrlkliig' lnii'tDriL''i> iif tlila kind. iifTcetliiit lliieA of the sinio serleti. Is 
illDDtmteil In ihe lhih; of liyilFui’en, detict'llieiL in a im'vlouii poiiet.* Alltiongh 
the iia line extetuht to the ujiin-t juirt of the I'hromiiaphi^fe jind t>rTiirilnenceti, the 
mean level reprcstHited hj Ita nlHforptlon in luueh lower tIuiD ttini jtiwti by IJe, 
The eciiiwiinoiite la that Ha emihtw uh to pholotfraiib the solar vortlcM, the 
clinnietetlstle striann lines of whk'li dr not nppeftr at the lower liJ level, Situl- 
hirly. tf the Intunalij of u )ilven tltnnlnni tine fjilln nlT pHijIilty. tlie level rejire- 
eented hjr tlilB line nini: be TOiiijKinitlvelj- low. tf, on the other lintiil. IU 
liitcnaltj' enrve la of ainh a form nn to Imlicnte iluit the nbiioititioii nt htuher 
elevntlecj iila;?* an linjiortnnt mirt, the inenn level rifjire*ciit(Hl hj’ the line ttHiy 
lie eoDsidDMibiy hlBlier thnn hi the jno'vltma esKi-. To seUle thin ijnesilon wo 
iniist tenow; (II The mnso of etevnttoa In the s|wjt of the vnjiont of Iron 
tltanlnm. uuil other rfeincnta: (H) tbu luteaFlitii*. of tho Hum of tlione eJeineatn 
ut aifferont level*; (3) the mte at whieh Ihe Kirenjtth of tiie lleUl dt^'roii«« 
QinvnrO. 

Id the alwence of tnfornintlon r^sardlnif the first two points, we may InnDlHi 
as te the iimtiahle rt^httive betmvjor of tltenluni. Iron, nnd other eleuietitti If iLo 
dlHtrlhullou of the vntnirs at different levels were the Nime ns In iLe ehiuato- 
sphere. From a dlaruiiKlun of a iarjje nlimber of iihotoumjilis of the (ln*b sjiec- 
tniDi, made by tllffercnt observer* at eeveml eeltimes, Juwell h»a sjomplled a 
tiThle aht^IhE tJ» helehts abore the hnn's llmh ntuilneil by vorlona He™ m iiw, 
blue and violet. Tl(e hrittliiH for tilanliiu miiKe from 100 mile* (100 klhi- 
mecera) for A -HCdh to 3/^)0 nilk« (C.tHo bilges tera) for \ 440<A7. while certalti 
^rons enhanced I in™ Id Ihe nltre-vioitt r™i-b elevothiDJi of is.ixkj or N.tXHt mile* 
(ftKW or Itlloinetent), For IroD the minimum boEyht is tbrj mllLti I.'{20 

kllonseteM) for A 44S2,4 nml Hi,. ny,ii,u„in miles ci,n]n hJionieters) for 
A doirl.O, Chromium miiKe* from lOO miles fur \ + 2 -S 0.2 to I.ISNI mllw 11030 
lillnnietent) for A 427ft.o; matiKuneHe troui “lUi mil™ or more" fur A d4si a tn 
“WJO initio ( 1 , 15 * 1 ) ltlluineli'r»l or more** for X dOChiU; Tiiiniiltaui from Hj() miles 

reprtMienbHl by the titanium lines U mneh BTt.a[er than for the lines of irem 
^mhim, manflin,.^.. und vanadium. If ihe vniKir* were aimtlafly distributed 
n the nmilmiitn BtnmBth of field Indtentid hy the tllanlmn lln™ slinuh] 

pnaJue-d by obsomtlun nt IHbJot mwn levoK should kIvo lower field stnmEthA 
Chroiultira shonld et'oee more nenriy with Iron. Vamtdliint, If the l»« refninsl- 
ble llLM reach no Kreater eleTattoDs. ehonid kH^ ol(s«ly aei^rdant fmiivlmum) 
^«™ for the field at™,jtfh. It will perhaps b., jK^alhle, with the aid of the 
dO-foot speetrograph, to determine the relative level* In the clin.mosnhem 
flUnltiftl hy most of ihe line* In nn«tlon, but it Is „ mnel. mar,. diflim.Jt matter 
i. do this or sni, ataikA I hoi^. however, that o„r now s,xK.*lmhello^a„b of 
30 feet fowl length may threw s-mm light on thia Buhjeet 

It Is evhJeiit tlmt these «,ii«lderaflotts will have no li^irlng on the tir«»nt 
prohhm. Dill,an, the field stn^gth dw renw^ vory rapidly lo .pots, 

^ SalJir VortliTiiJ, St 

»“Total Hohir ]lelli,«.* of Hay JisHi, ,„„i May n, inpi.- rn,.„.^u„,oi of the 
[■nUid Slates Naval tibeervntory, second scrlesv Vol. IV. Apmanjii i. 
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niat thiB Itrobnbljr (lOturB Iti Ibown by thr foet tlmt tlw D Hiuhi of sodium ausl 
ft linw of «re uinmll}' bur Kllebily aff«vtud In tbe Ki^ot spectrum,* 

nDd are Oluptiiveit thmiinb a very snwll dltitaiwi> when tin- NTcol Is ndated, 
Tliua. (It tltc lovel n^prcseutcil by the*? lines, wliieU attalb elcvnlkpuji tn tbu 
rbroDjoKpbert? |»iiolMit»ly not exceed t»i? &,0n0 in lime, tlm fiidi] Btrcniftb Is n'diiced 
1» n mmU frnctltiii uf \tv luiixliniifn 

Tbc folluwluit doMldelH liave been nica8iin>d In the spectnira of cbnuiilum : 

"TAntic III .—Chromium doubb'/jt 
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In iihiitofnnpbiDit lUrse tine* tn (liD*apni'i( the stmiittb of tbn fleid was 
J^SjOB ipiitHpes, Tbn slnmKtb of tbc Add In aimts, a* Indinited hjr ilie mena 
Hcpnnitlub of tbe cbiuisluiH dnubkds. Is tberefere 2,000 gaussc*. • • * 


«m!t or THE ounbE rniv rnonoeEH rttic nun is uus sisn-a. 

If llip evidence iircscnicd la this jniper rendcra probable the existence cf a 
umKiictLc Held M sun siwtA It Is of Intcmit to Innolre coneernlaB tbc sign of 
tbv ebnrpe wtdeb, nccoriUng to our bypotbcsiK, jmiduces tbe flutiL • • • 

In ibe case of tJie solar vortice* we Have to consider two sets of ebnrged 
rartHMes, which may be entirely diitlnct from oae nnotlicr: (i) ibose whoim 
vlbmllona give rise to the lines in the speetm of E|iota, nud (2) thoHo tljjit carry 
the eburge which, by the byiniLiisIs, prhUiccs the btiiBneilc field. The Zeenmn 
elfoct sarplles the menns of detenuJatbi; tin? dlrccUco of the lines of fiiroe of 
Uic fields, nud phototimpbs of the turtle®*, mnde with the apectrobdlo- 

imitih. InOtCflte tbc direction of rcrointinn of the iwrtlek's. Thus we nro In a 
issdtion to determine the mipi of ibe cbartje curried by ti» t*rt[tles which pro- 
daoe the fields. indoted out Ibdepeail.iitly by Koutg jind Comn, the violet 
wmpomut of a nuiRneUe doublet obBcrttnl altiuit the fines of force t* formed 
by circular vibration^ bnvltuf tbc directl.m of tbo current flowing through the 
« Observations of circularly poiarirod Usht.^de 

^ our MoiHjt Wilson luboramry by Uoctor Si. j„hn and confirmed by myself 
U appenrs that when the Nlrol prism of the tower sia«ro|fnipb sbindH at 00’ 

. T ^ wmponeot of a donblct produced In a magnetic fleJd 
OltArted toward the observer. l-Yom Blot and t^vart's law the d^^ctlon of 
the current cauatug such a Held I* counter-clockwiite, ao seen by the observer 
m Ihesnmc i.osltlon the Kla>| aim transmit s the violet «»ni[smmt of a donblrt 

i^hlcb miy be prodnecd by some 
P. m SS!™' vU. Kfinlg. VVI^ Vol. d2. 
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prodnovd In n sun «|Krt surroniidetl hy‘ ft vortei \if wlildi tbe dlrecl Lon 
it*ft Is clocicwiiiy. M ft ne^mtlto chuT^^ TevuHlnfi clwikwtM^ iir^idncL-f^ n 
nf tha iHimB? [KJlftrlty fts nn t'Eoctrl* currant HuwTftU Count^r-cUMi-kivkse* wc mftj 
concilia thnt tbD nm|?iPttcr field In s|fcOtM is <musra bj? Uie mntloti of nogntlvc 

rBOHAni.K SQtnjci: of THti s^mATrs'E coaFUnej-EB, 

Wa luoy nfiw coa^tder tlia prolmblu ftourca of a snfilrIeuL tiuiulier f>f utipitlvo 
corpu 3 o]£!fci to [nodttce n 5eld of nbont lytoO gaosses In siin siKitfi- 
Iti Lift effort 0 / ^rofrfcHfif fhroitilh Gant'* (p- IfH) d- Tbom^Pi Vk'Titm 
ns followw : 

W« ibuM nra knl to tbe oonclu^ton (bnt from an Sneaiidii«™iit mefal or 
Ing pliw of cnrbcjiit 'curiHiftclRi* are iiro^L'Cteilp nntl ibtrtiifb wo btivo hm yet ti»> 
oxnel nienirtl Mtiw-Hia for tho rale tif emlsMon tiiftst* by coiiijparlftort irltli 

tbe kpiftwn iistuli suuiilor nito for jjlftiiutiuK iiiuouut III tbt* of w p Jirfwiii iIIji- 
meut nt Sts Llj^est pxiliit of luf^mJiOHoaooe lo a eurretit «iuftl to Bevenil aiopi^rt'a 
jicT siunrr of tiiirfoclv Tbls foot may IsH iie an liu[)orlrtEit iejjipI teal loft 

to eooje coHtftJtail iiliOftoaiauaT ntwoiillu^ lo ihc Kxftiemlly rL-^'olvtftl o|iliib]ii^ 

tlic photoesihore of tlio muh contolns Irtruo EiUftUtttlos of glowing rartKOi; tMn 
ennioii wilt emit conni-HClCfl nnlera ibe huh by tba to®* of Its cfniHlrtcIwl at sui 
earlkir ifuigo bns nii|blml Kueli a Innfc etiarge of n«^tlve electricity ilmt Uio 
ntlracllou of UiTs Is nuffiflont to pre^col tbe negatively electTlIleit jjartlelea from 
gettliii? right ftwny from tbo sun; yet twcti In th\^ tflflo. If the tempierrtlure were 
from rtfty cause to rlee above Ita average ralue, conJnBtlcs would tftmiiii away 
from tbe mu Into tbe aurrolltidtng ifimeo.^ 

On atmUiur iwgo {1^) Thomsou also reninrkn: "‘The einls^toii of the negative 
corpuBclett from biyited substneirert is not, 1 think, confined to tbe aoHd states tmt 
IB a protierty of the atom in wbntner Htuto of phynlcnl np^re^tfon It mfly occur. 
IncIndtrtR tbe ffUBeousL'* After ntuittrrtling tMs In the ease of acalluin >‘atw>ri 
Tlinmaon aihlH {t 

"Tbo etnlsiilcin of the n( 5 gnttTe]y electrified eorpnsclcs from aodlimi atomK Is 
conspicuous, m It occurs at an cxtiiidloLiollr low tomiiieroturo. Tbat thla omlfi- 
Bton occurn la utber cmhcfi, altbotigb at very mticb blgber tcifti vniturt^K Ls, J thtak^ 
sbipwii by tbe eondncltTtty of very hot gases (or at any rate by ihnt iwirt of It 
wblcb Is not diio to luhlamtlon Deeurrlui; ot the Btirface of glowlug nietnlN}, ond 
c#pecbil]y by tbe very b*?tb velocity pctetscs^sefl by the ncffntlvo Ions In tbe case 
nf these gnsi'S- Tbe etulaalon of negntlvely elect rtfiid rorptttsclen fripm ntoms nt 
El very lilgli teinporatUTo In thus n pro|iCr1ii^ of u very Intm Unmber of cLemcnln, 
tposslbty of all." 

Thus the cbroiiiosphoiv. ns well as tbe photosphere, may be regnTded as 
coiiIepum KPUTceei of ueipillvely deetrtlled corfiuiclesL Tbe imrt plnyed tty iht'f^ 
Lu »hli sEitots can not be ndvanlDgeously dlscutii^ until the nature uf 
Ibi^ vortices Is belter uniicrstDod>> At present It Is enongli to recognize that the 
supply of uctpiUve irtoctricLty api^enra nmrity ^olllclciit to account for tbe magnellc 
fields. * * * 

ii3tTra?iAb yiQJj of aua sfdts. ^ 

Wc brt VC nlready seen that the strtsngUi of the field in sfiols appar^^fttly Edmugcfl 
mry raptfily along a nolnr radian and Is small at tbe upper level of the ebromo 
sphere. 


« Pop this reason a dlscns^on of the very IntereBtliig iaigpe^lort of Prof, tl P+ 
NlcbalA that tbe posttiTcly nnd neiratlTcly chargid ^lartlvlew are Sf^pnnile^l by 
centiifugnl action In the apot vortex^ la reserved for a subserjuent imper. 
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tf wurb provum this to Iw tllii- ciuw, It rerjf ImpruLnUlti 

ifdg by tluit terrhritrJul tikn^t^ctic BtoritiN uris^ hj tbc 

dlE^t t'fTett of the flolcts fa eun wc Imve Bome n^nson to tliSak 

that their orl^n may tse SoPeht with more hope of hdccobs In the eruptlona 
flhown OD flret'trnhelbJ?;fa|iili plates In the regions siirraandhig apotii. ♦ * * 

Sl0t?NT WUflOS SaLAH OaAEfiVATOBYp 

AhOK^IlUH. 

The fact ihnt the doehlets In the Bon-Apot sneetnini do not etian^ to triplets^ 
even yifhtm the spat le ub much bb BO* fram the center ef the iniii+ appiffircnh 
when the proof of the nbove puEicr waa eorrceted^ to be a Bertaua anpimcMii 
ngaliiKh the Miptetk- held by]>^^tbeB^a. Thonka to ihe HH?ont work of Doeiur 
Kthif, th\H dlhkulty no exbra at lenat In the case ot seveml Iron nod 

titanliiui IhicBi Plioroitniplia of the atiurk apeetrum In n Htroag ma^piettc tSeTih 
tttken at rlsht aoKlw to the of force* Hhnw that the Iren llntis 

and are douhletn* with no trace of a central com|M>tLoah 

theae Hues are aliso doublets whexk ohaqrred pofallel to the HoeB of force, It lo 
only natural that they abanld be iJonhle In whereTor sltuntL^d on the solar 
dl^k. which Is n tine triplet In i^fcot^ 1 b a triplet when ohaerved at rtpht 

utLi:li^ to the lines of force* flat the lliie M130S.I1 la the mast ioturestluj^ of all. 
In Table 1 ihTs Is clQEsed ns n ipot dontilet. In the upot the line at>- 

P^arsan a triplet, hot sodcelidedly uaymnietrletL! that 1 suptioaed the Intersnedlate 
line to be dne to sonie element ottter than Item, (;!reat]y stren^henecl In the wpot. 
It now turns out, howeYer+ that thin Is an asyDimetrl^^l triplet in the atiark, 
wtwio ob$or\'c?d at rtnbt anjtie^ to the lines of force* Mopeorer, the dlspluce- 
irtent of the tntePihMltate line from the renter js toward the red, lM>th In the 
spot and In the spnrk* As soon as a suitable photDE,'Taph can be taken in a 
hlEher order of the ^tloE* it will bo imsHlhte to measure the nsyinmetTy In 
the spark* as has already been done lu the N];jot specinim. 

The titanium lines and 03l2,id. which are double In spcia, are al40 

double lu the Mparhi. ivUe'ii obivn^ed at right unifies to the lines of force, 
ulroiidy mnnHoned as u triplet In H^iote, with a rather fnlnt ccutrol 
component, fs a triplet, with stroTig eentml comtionent, In the ^ikurk under the 
aboTe conilltlonB. 

The tltaulnni spot doublete xXSJKlSt.fjO and ISCOSjOI (Table II) have not yet 
been oliserreil at rl^ht nnglea to the lines of force. 

These nittillw k'n^o no doubt in my mlad tli4t the doubleta and triplets lu the 
eim'Spot spectrum are nctuuhy due to u mnanetlc Held. An 1 nm iitrw deslKh- 
InK Q spectreimiph of TTl feet t23 meters) focal letiirth, for nse with a fewer 
telcworEO of luO feet UB meters) focal length. I bopo It may liecutne poHssIhle to 
Investlcflte sminll spots, os well as laf^o ones* and to resoivo many of the dose 
doublets and triplets In their spectra^ 

us mm up the prineipul parts of Mr, ITnles esperimental 
evidence: (1) Tliat some spectrum lines which are single in the or¬ 
dinary BOlar spccLntm bocojuo double in sun spots? (2) that tliese 
double lines are found to be circularly polariz^ in opposite direc¬ 
tions; (3) that, as shown by Zeemun, this is a characteristic of 
spectrum lines produced in a powerful magnetic field and observed 
along the magnetic lines of force; (4) that the difTercut doublets In 
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the spats in most cases have aknoat exactly tlie same relative separa¬ 
tions as have the corresponding lines when observed in tlie laboratory 
in a magnetic field; (5) that lines found double in. spots near the 
aim’s limb are altfo found double when observed in the labot*at<iry nt 
right angles to a tnagnetic field; (fi) tlmt. as shown by Ryvi^tand, 
electric charges in revolution prodiioe tv magnetic field; (7) tliat, us 
shown by Thomson, it is prubtible that cleelrieally cliargoiJ bodies 
or ions arc numerous in tJie tnin; (S) that the spcctroheliogi-apU has 
shown immense spiral conflgtirations suggesting vortices in tlxe 
higher solar layers and that these vortices are unmistakably con¬ 
nected with aun spots; (9) that the vortices are some right handed 
and others left handed; ( tO) that in stin spotssurroimdod hy right- 
handed vorticea Uie polar!ration of the componcids of tlie spec¬ 
trum doublebs is always found opposite to that for sun spots with 
left-handed vortices. In view of all this it must be admitted that 
the fwistence of magnetic fields in tlie neighborhood of snn spots is 
beyond reasonable guest ton, and Mr. li ale’s csplanatlons of Uiem as 
due to the revolution of electricul charges in vortices have strong 
Bup^rt. At the same time it must be kept in mind that tlie vortical 
motions ere inferred rather tbim demonstrated, and inferred only for 
high levels, presumably above the levels of sun s^ts. Furthermore, 
spectra of spots near tlie sun’s limb do not reveal evidence of motion 
such as would be expected if vortices exist in the spots themselvesL 
Further evidence must therefore be awaited before fully accepting 
the vorles theory of the production of the magnetic fields which Mr. 
Hole has discovered. 

A possible appUeatton to terrestrial affairs of tliis new discovery 
of magnetism in sun spots springs at once into mind, but according 
to Mr. HaJe’s view the evidence at present is opposed to the con¬ 
clusion that the magnetic fields found in sun spots mm produce ap¬ 
preciable effects on the earth. Nevertheless, it will be almost a matter 
of regret if further study shall not indicate that the magnetic sun¬ 
spot fidda arc competent U> produce the disturbances of terrestrial 
magnetism which for many years have been known to be mtiiuately 
rekttid to tlie prevalenue of sun spots. 


CLIMATIC VARIATIONSJ THEIR EXTENT AND CAUSES^ 


Hj' Fmt J. W. GiEH;i>BT, F, ft, S. 


ISTfiODrCTIDX. 

Tlic past variation of cKmato is an attractive study, as it controls 
so many questions in gf^ilogy, geography^ and meteorolpg}^ But llie 
subject is of especial difficulty, oa it deals with the action of complex 
clieuiical and physical processes working under conditions and on 
niaterials which can be estimated only by the freest speculation. 
Tin? question may lio ^pproaebed a priori by consdderation of the 
evolution of tbo atmosphere, as suggested by general chemical pn)b- 
abilities; or we may detormino from the sedimentary rocks the 
strength and nature of the geographical agencies that formed them; 
or we may examine the indirect evidence given by fossib as to the 
climate under which they lived. The fact of marked local varia¬ 
tions in climate is abunduntly proved i and it will probably bo equally 
iigreed that there is no evidence known to the geologist of any 
progressive refrigeration of the earth. The idea of the secular cooL 
ing uf the earth Ls deeply impre^^ided on our terminology; but geolog¬ 
ical ]jrmciples are mdopendent of the theory. The term^ jeigge^ded 
by it may alivays be ret4iine<l from their historic intenat and con- 
venicnce, as we still speak of the rising of the sum Responsibility 
for the belief in the secular cooling of the earth rests with the 
astronomers and physicists, from whom geologists have accepted it- 

Ijocal variations in climates are nbimdimtly establislicd by the 
former glaciation of temperate regiona, the once greater extension 
of glaciers in tropical regions, and the frequent growth of reef- 
building corals outside their present geogruphical limits. But we 
newl not unneccifiarily increase the difficuHies of the problem by ac¬ 
cepting the world'wide range of great climatic cluinges without con¬ 
vincing evidence. Doctor Ekholm takes as the starting point of his 
valuable pa|>cr the ground that ^^the mqtiiries of modem geology 

*Reprlati>d hy pormlseloii from Can^^r^ GColc7i;lqae IntematlOQnl. Caffipte 
lie In Ulvl^uie iwisjlont ^toxteo^ lOod Mexico CUTh l£HJ7f rii. 401^20+ 
(Prill Let's not sceu by auUior.) 
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unnilimoiifily indicate that al! great climatic changed liave occurred 
siniiiitaiieou.^ly on the whole earth,”* 

But geological opinion is by no inimna iinanimotia on this qiies- 
tinij, that the major climatic variatioiiK were world'wide in their 
influence. TJie amplfeit evidence in support of the view that u colder 
olitnate was otice universal is supplied by the Pleistocene glaciations; 
and it is certain tlml til one part or unollier of IUe Pleistocene period 
the glucien) of many distanl parts of the world wen; riiuch larger, mid 
tliat wide ureas in the north temperate iu>no were ovenvhelined by 
glncial cunditiono. But then; upiiears to l>e u stcadilj' growing opin¬ 
ion that tile glaciers of the dilTcrfiit glacial centers did not uituin 
their greatest development at the .same time. Thus, the glaciation of 
Greenland is now at its niaxinuun; at un earlier period of the Pleiido- 
ccne Labrador was covered by ao ice sheet, which dwindled as that 
of Cirecjiland developecl; and the glaciation of the Canadian fioeky 
Mountains was pmbably still earlier than that of Uibrador. Sim¬ 
ilarly in Europe the conditions of preservation and general aspect of 
the glacial deposits suggest that the enlmination of the Norwegian 
glaciution was somewhat later than that of the British Isles. 

The GENniMt, ILHiroHMiTT or Climates ts the P.ist. 

The first striking fact In the geological history of climate is that 
the present el ini ate of the world has been malntainod since I lie date 
of the earliest, unalterefl, sedimentary deposits. The oldest sand- 
Stones of the Scotch Highlands and the English ijongmynds show 
that in iirc-Cambrian times the winds had the same strength, the 
raindrops were of the sonic size, and they fell with the same force 
as at the present day. Tlie evidence of paleontology proves that the 
climatic Kones of the earth have been concentric with tlic poles os far 
harJi nit its records go; the salts depoaited tiy the evHj>[>ration of earlv 
Paleozoic lagoons show that the tildcrt seas contained the same ma- 
tei-ials in solution as the modem oceana; and glaciations have re¬ 
curred in .Vretic and, under special ge<igraphicai conditions, also tn 
tempcnite regions at various periods throughout geological time. 

The mean climate of the world has been fairly oonsUint, though 
there have iieen local variations which have led to the development of 
glaciers In regions now ice free, at various points in tho geological 
scale. That there has been no progressive cdiilling of the earth since 
the time of the oldest known sedimentary rocks is shown by their 
lithological chanider« and by the recurrence of gljieinl dcijosita, some 
of which were laid down at low lev els ut intervals throughout geolog- 

* [>!■. Nil* etliolm, « Ou tbe Turfatloni. of tb^ clltwite of the seolimlciil itod 
bJstorlcat part ami Ujclr cauieut" Quart. Joum, Roy, SJcL Soe., Vol XxVll 
ItiOI, PL a . , 
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kill time, Tims raintittiits nf » series of ^Iscisl deposits, ^vliieh are 
probably pre-Ciimbriiiti, occur in n serieriof iocalitiesiiround the Arctic 
Zone;* * fiugmcnts of tbb curly, circurn-Arctic glnciAl diaiii occur iu 
the north of Xorway, ns described by ReiiBL'h ami Sirahan^ ^ in iSpits* 
Ijergen:as some tmivldcr l>e(:ls. the ijeseripttons of wliich are aiig'- 
gestive of glacial fornuition, on the Coppermine Kiver. and in l^iibrn- 
doCj wbert'. howecer. according to A. P, Iajw, they may be Cambrian; 
and finally cm the nortbera coasts of Silierin, near the estuary of the 
Lena. Tlio Cambrian system chjh tains an cjitensive series of glacial 
deposits, discovered by Mr. llowcbiii,' running iicrih and souiU 
tlirniigli South Austral in, between the, latitudes of 32’ and 35“ S., 
and as these Cambrian till are inIcrstratified witli marine rocks, they 
wore probably formed about sea level. 

The next proved glacial pcriixl is tlie Upper CarboniferoiiR and 
perhaps Permian, os proved by tiie glacial deposits of India, South 
Africa. Australia, and South America. They were origituilly asi- 
signed, in Africa and Australia, to the Trias, and subsequently to the 
Permian, atni the Permian age of the South Africa glacial deposits is 
still asserted by some getdogists. liui, actsorJiug to Mr. Soward/ the 
glocinl depwitB at Vereuii^ng—wbicb, according to one tlicor)". are 
redeposited glacial material, niid wouldj tberefoi't', ite the lati'st of 
the South African glacial lieds—are Dpi>or Carboniferous, and 
that is the age of the Iwst known and most extensive of tlie glacial 
deposits of southeastern Australia, The Upper Cretaceous has s5ome 
evidence of glaciation in the Northern Hemisphere, for the ucciir- 
renee of drift ico i« the most preibahle explanation of the bowklera 
found in the British Chalk j and Professor 0am twd found a glaciated 
pebble on Bunting Bln If, in S^pitsliergeii, in some eoiigloinerates 
wbicli ai-e Upper CrelareoiLs or Lower CenoKoie,' M'ith the excep¬ 
tion of such scraps of evidetice, there is no convincing proof iif low 
level glacial act ion until we reach the Pleistocene. 

J, W. fifvtKiry, Qiinft. Joiim. YoL LllI, ]x If^lv 

^ Jitmlifla* ^'Tbc nilst'i.I iind g^lneLiJ dL«LH>Hlta of Vumnsii-r FSoriJ." 

IblA. UlL lSf+7. 147-ira. 

prp-t’ninbriftn bed lu Biilt^*erpcu was Tvfmv*\ W by Nordonsk- 

Jold- 1 aceS Junta by redlsm>varotl It til Fox Point oa Bell 8<Jtl»il. in IKKt and 
tlie hv^i exjKMied avetton, (Quart Joum, Goot ytxr., VoL LIV, im^r 

■'Brief refumiw tn tliese Cambrlali kUiuIrI iloisoslt^ Khct In Mr. W, HuW- 
cbln^fl t^per. '“ThiF j^lo^^y of ttky Mount Ijofly ninj^oa,'' Pi, L Trans. Roy- Sot, 
Sontl] Vot XXVIll. 11HI4. pjh and PI. XLtJt 

* C. S3cwnrd, " FokhII fliira^ of Colony/' Annals SSotiLb Africa Mu- 
Bcimi. VoL rv. pt, I. RUCt |j. m. 

f Quart. Joum. Coot Soc.* Vot UV, lim pu ilLt* 
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„Ji n variatioiw in thp past hns been often greatly 

cxap^raled. iJu-^-by leading in the apparent necessity for revnbition 
y I hanges ni former meteorological conditions Bui llic diiiiatic 

•“ •**" "“■"»' 

THie opinion tliat there hare been ftmdamental cliaiigesi in climate 
IS based nmmly npm, the evidence of former glariations and on the 
.npixml exi^ienoo of tropical climates in the arctic mt 

L affim.3' oondilioRs once prevailed in the Arctic Cirdo 

aflirmcd on the reported occurrence lliere of ftissil coral reefs and 

eTi<ti5m^ to Ao.- tint 

36 F. higher than during the Pleistocene But so fnr n« r i . 1 ^ 
yidoooe Uu.« » „„ p,if ,1. 

tropical or even a warm, temjiorate dimate, ^ 

the RvioRxre of rossir, corals:. 

SiSfan 

tion^well known by its ndviTacv hrsfe T r S 
diminishing owing to the smaller sAxe of ihl ** 

in theras'LTllfS tho oontempol^^^" 

I r'lStl^Sdawr IhM 

grown in a cool spil The asssertedlxistenel!*# 

Silurian times was ba^l on u enfw»' ^ ii«tic coral reefs in 

.hich i. no. i„ the S r 

':^:z '.'r“ “'pr.r"::i -xr Lt;it 


»" SOBic rmblcniM of AfetJe 

Ckaoliii; oj;». eiL, pp. 25, 2B, 


II. ftirmer aretic cllmateeu*' 
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It-liitiLls; but ill both cn,Hes thp eviilencc shows that tla* corn I rauims 
sluntuil in ooiiiiiarison with thow of tho t-onteiiipnrury soas lo 
the soiitlu XuiJifroiis simple and simpiy braticlied iioruK aWwiiitf^ 
witii ttiiidc growths of cnicareous nlj^, grow to-tky in the noriilom 
seas. Dead branches of lAiphoheiiu are so conunoti tm one bank in the 
Christiania Souml (ktilude 58” N.) that it Jias b«-n describerl as a 
Pleistocene coral iref. Small iiwliilea of corals, of reeMmilcItnir 
genera, sndi us PUvhsttma^ live at present in the cold sens of south" 
eni Australia, far to tim south of the region of coral reefs. 

Hence I fcH justified in lejieiitiiig iho view expressed in 189", that 
the evidence of the fossil com Is from the Silurian rocks of (freriilund 
mill (ireat Ilrtlain shows “ that there was almost as great u diIfercni.’c 
Ijetween the lempenitiire of the sea in the iircius as time is to-day.*** 
The evidence of the fossil corals is supjiorled tiy that of the arctic 
marine faunas of all geolDgical periods. Their most striking ehar- 
neteristics in ilio jmst an their characteristics of ti>dav, and show 
that, all through gpologicnt time the northern faunas have lived 
under the blight of arctic lairreiiness.** * 


•riiB EviOKSfCB ov TILE rossii. 

The fossil floras of the Axetip, as identified by Hear, have licen used 
as tlie bask of the attractively sensational theoi^* that Greenland 
enjoyed a Iropiral climate in Miocene times and a tropical or sub¬ 
tropical climate in Cretaceous times. But the evidence so far adduced 
appcar.s to lie quite insufficient to justify this view. The most, char- 
acteristiealJy tropical of the plants dilinied to occur in Grtenltind are 
the pnlm^; but the fo^siJ Eiretic pulnii* Jmve now been di^tnissed bs 
basiMl on erroneous identifications. Much weight has also been at- 
tacheil to some fossil tree ferns of the gejjiiB mcArnnh, from the 
Cretiiwous of Oiviiiilatid. But tlic best-known living species of that 
genus IS Pictiumui {mffnvtiru^ whii;h oceiitu in southern New Zealand * 
and also lives on tin? high **Snowy Plains” of the Vido- 

nan Highlands where it is sometimes buried under snow for four or 
five monilis m the year Hmce the exislenco of fossil tree ferns, espe- 
cia y o he genus would certaitily not iiiiplv tropk-al con- 

dinons. Ilwr s identifications have lieen contemptuouslv rejw^ted bv 

ner and Pmfesor XaUioist. Most of Heer’s determiuatioas wett? 

d^t f'*"* Vl , f'7 i^Jentifieation. Xor 

1 ( _ PHt*® of leaf beds m the Arctic pmve anrtliing more than 

In fwr* «-mnrkal,Ie rapiditj 

and luxtmance witlim the .Vrctic Circle, under the infhienee of t h^ 

” 0 [i. clt, Xatm-e, VoJ. LVt. laW, p. 35 * 

* Ibid., p. 3M, 

—Bit 19CIS---23 
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contiiiuous of ifumtiicr. Tluit deui-o foliiigo upon tUe 

tnomiiiCii of .Uasko is ttcU known froni the ptiotogniplis. iuken upun 
the MnlnppiTO Glacjcr, pubILsItetl by 1 . C. Kussell ;- null in the aimc 
dizstnct forests of hr trees, gi^owing" on tiioraineSj ore being now tmtis*' 
ported by the Alaskan gineiers. 

The fossil tree tntnks in ««4ic coni seams would supplr Ijetter evi¬ 
dence of a (rhangc of climntc llian the fossil leuves, If there were 
evidence to prove timt the trees had grown in situ. The view that the 
three months' darkness of winter would be fntul to ti'^CB growth is now 
recogiii 2 «l ns tintennble: hut il jg a fact that forests do not occur 
iiortli of <0*^, altliuiigh fossil tree trunks have Ijeen found beyond that 

latitude. But these tree trunks were probably carried north as drift- 
wotnl, 

Ilobert Brown hag described the Disco plant Ijeils and come to the 
definite conduidon that tlie pLmts hud not grown in situ, Hnroti 
Ton Tol hns ]>ublishetl photographs of jdanl beds associated with 
ancient ice in northern Siberia, but his jdiotographs show the roots 
of nothing largi-r than sliriibs. In IStlC J had occasion to mine some 
Inindnslwcigius of coal from the seam of Advent Bay, Spitsbergen 
(latitude 15 If.), nnd the section exposed gave no evidence that 
the coal had heen foniied from vegetation that had gro^vu in eitu. 

In many jdares the arctic shores tire white with a Jitter of pine, 
fir, and larch lags, which have been floated down the Siberinn l ivere! 
gifted aoosa the Arctic Ocean, uud lieen thrown upou tliu shoreg.* 
Til esc acc^ulations of driftwood become covered by the growth of 
moss, Easifragci, jmd arctic willows; nnd if then'huriotl licncath 
sheets of sediment would fonii arctic coal seams, made from timber 
that had grown in central .Vsla, 

Tlie iialeobotimical evidence that the arctic regions had a tropical 
or dimate in die Cretaceous is inadeipmte, and it is con- 

d7no?i Ti « “^^oidogical evidence of the contcmiioroiy marine 
depoHt^. The Crelareoiis murine beds in Greenland liavo a stunted 
fauna which has no tropical or subtropical cliaroctets. TJm British 
Cbn k M.‘a was siifbciently cold for drift ice to ciiiry bowldere as far 
south as London and ilg fauna is dccideilly iiontropical. The Clialk 
sea was of moderetc depth, but its ciinoids were small and scani, ite 

m^Ucatc a cooler sea 

than do the etc., of the Mediterranean bcR In the 

Lower Cretaceous li^ of Britisl, Mr* there are nbundant slmlJow 
sea and shore depositg, but then* are no conil reefs, and the general 
aspect of ilic fauna indicates a sea decidedly col der than tbut of the 

*** KIuT-." Thirtmuh A.U. ^ 
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Junif^iCh Thi? British Cretaceous tunrJue depotiiis iDdicate the prcv- 
ulonce of a tool temperate, and diose of Grceninnd an arctic, cHiuate, 
in the period when, on the utirGliabk cyiclence of leaves, we are 
ashod to believe the conditions in Greenland were tmpical or sub- 
t ropu-al. 

The paleontological evidence at present available does not tlirow 
on ns the burden of explaining why the Arctic had » tropical di- 
mate, for it aimply cojitradicts assertion as a matter of fact. 


GiAciATioN Dve to Loc;al CwiiATio Variations, 

Tlie second line of evidence used to prove mlense, widespifa<l 
climatic diaiigcs is the occurrence of glacial deposits in the temperate 
Jtones utid the greater extensions of tropical glaciers. But this evi¬ 
dence Ims also Ijcen used to indicate more extreme changes than hid 
n^iy to explain the facts. Thus, it appears to be sometimes con- 
aiden^ that the glacial beds of South Africa, India, and Australia 
prove that m one epoch of the Up|>er PhIcokoic the whole area of 
the Indian Ocean, from X. latitude in India to more than 40" S. 
Ill rii^nniii WHS iindergoine- glaciation. 

The difficulty of explaining former glaciations has Iwen greatlv 
increased by siidi nsititnptions as that tliev were due to tlic devclon- 
meut of II seven^r climate at tlio same timo throughout the world 

There IS not yet adequate evidence that tiie former glaciations were 
accompanied by a universal change of climate. It is tnie tl«,t Uiero 
IS evidence of a more exttmsive Pleistocene glaciation in many regioms 
of the world, including Aloiint Kenya, upon the equator in British 
East Arnca Mount K^iusko in !»uthea.steij, Aiistmlia, western 
Tasuiania, Uie tMuth Island of Xew Zealand, Piitagonin, nnd a bidt 
practically all across the temperate regions of the Northern nt-mU 
sphera Accordingly it is claimed, as by Ekholm (op. ciu p. ;u), 
that Urn snow line was everywhere 1,000 meters lower at the time 
when Eurepc had its ‘‘Great I« Age.- But there are too nm™; 
coses m which e'vidcnce of such foniuw extension has been sought for 

to hoT’ If of temperature in the Pleistocene 

to accepted as yet fina ly established. In the North Island of New 

existing snoafields extended more than 3,000 feet lower, tlier should 
h^i'h “f e^ot growth. D'( >rbipiV nnd Whvtnper 

e-^ten^bn of the exist- 

ng glaciers on the equatorial Andes tlmn could be explained bv a 
local variation in the w-in<k In equatorial Africa no pSZ.t 
glnmal dcj^ita have liwn found, except on the dwindling summits 

Tvidln and the coiu^tal raised licnolies give no 

evidence of any contemporery reduction in the tcmiicratiire of ihe 
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Rcljuccnt ^em, Tlxorc is no flvident^s of ttiiy PlciEloeene glaciation on 
ihe mainlntnl of Atif^niliii, except on tlit' higlicst ^nminiifc of the 
Aiistraliun Alpfi; and though Mount Koscinpto, Tyhkh is now 7^56 
feet nljove Boa level* in n region with n 60-indi niinfalJj biiil once n 
few small glaciers* there is no evidejice in Aiiirtrolia generally of a 
colder Pleistocene climate^ In fact the early Pleit^tcscene or Pliocene 
fauna of central Australia indioutes the extension then of the tropical 
ftmna of northern Australia into the tempcnito regions of the ConlU 
nerit. Xeither the flora nor fauna of tUo Pleiiitoccne cleiK^sits of 
^^i^:to^ia indicates a colder dim ate than (hut of the present time* 

The glaciationF themselvcis* D:Koruovcr^ though often very exnmsive, 
apl^oar to have been always local. Tims tbot^^ of the Pleistocene in 
die Nordiern Tleniisphere were gronptHl artiuiKl a series of eentei’s, 
whicli are not alway?! in particularly high latitudes, Tn Xortli 
America there aiJjiear to have lieen three glacial centers, tliat of tlio 
Canadian Pockj’ Mountains in latitude 35^ to 60^; that of Cttstem 
C'an ad a in latitude 50“ to SS®", and wUh its stmt hern edge extending 
to latitude 42“ Jf.; and that of Greenland of which the center is from 
TO" to 73“ K 

In Eui'ope the glaciation of the British Isles extended us far 
Hioiith as latitude 32®; that of Scftndinavia, from a conler lietwocii 
IntlLudc fiO® and 03*^ N.j overrode the countns far ^^ulh as northern 
Germany in latitude 33“ N,; and the other centers farther .south 
de^i^loped where high mountains, siidi as the Alps, occurred near 
warm sens. 

Cwsm or CLiMAmr- Vahutions^* 

If it l>e accepted tliat former climatic chonges involve 1<^ extreme 
changes of tempeniturc than have been generally assumed, and tliat 
wo are not called on to exjikin fanner tropical forests in the arctic 
lands, or fossil coral i?eefs in tlie arctic seas^ or CKM^sional universal 
refrigerulions of the earth, then the prablem of climatic variidiOnH ih 
greatly simplified* 

THE ELEVAnO?? TIIEORT. 

Several explanatJons, attractive from their simplicity, may then las 
at one*' dismi&sed. The theotr of the migrations of the poles into 
temperate regions, altbnugh supported by Oldham and Penck for the 
Upjjcr Paleozoic glociation, is contradicted by tlie evidence of pale¬ 
ontology; and the explanations it would give of w^orld-wido changes 
arc not required- Tho once popular lh<^fT that ice caps have Iwen 
pmlured by the greater elevation of the land may be iibandoned, 
as opposed to meteorological principles, and as implying a rever^l 
of the facts% gla rial Sons having so often Hccompanied periotk of 
greater submergence of the land, and milder climates having coin- 
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cided witb periods of eiiiergence; niid it would be ([iiite inapplicable to 
tbo Upper l*iiloo»oic ^InciatJon of Anstnilia^ of which tlie glacial 
deposits were in pia<sts submarine. 

THE OeUQtTTTT OF TIIE ECOtmC. 

Xor, in spite of the fresh use made of it by Ekl^olm and DieksoD, 
does the variation m the oblkpiity of tlio ediptie nppeur to Uelji mate¬ 
rially; for all tho infliieinjes of this agency are open to tlie fimda- 
luontal objection that vartutiona in oldiquity recur at vvluit^ gieolog- 
ically sj^teaking, are diorl and fretiucut intervitls; whereas uneieut 
glaciations hnppenCMl hut soldom^ and were apiMirently irregular in 
their time of return* 

VARIATIONS TX TilE CAanO^?IC AdD CONTENT OF ITIE ATMOSPIlJUIiL 

11 10 v^iow' tliut now seems most popular oNplains tlie major climatic 
changes hy variations in the powder’s of selective absorption of heut 
by the atmosphere. The change is attribnteti cither to variations in 
the amount of aqueous vat>or as urgial by de Marclii" or of carbon 
duLvidc as advocated by Svante Arrheniiis^^ and reconunended to us 
by tJic brilliant advocacy and high authority of Prof* T, C. Chttui- 
berlln.* 

The aqueous vapor tlieory has lieen aflequiitely dLsposed of by 
Arrhenius, wdios^c alternative is espceially nttrartive. as it demand.^ 
coinpunitively small difTereintes of temperature' and very modest vari- 
ations in the ainotini of carbonic acid* Thtts he calculates that tin 
increase uf the carbonic acid fr-cun 0,08 to 0.00 per cent would give tbsj 
polar regions n temperate climate^ by a rise of fixan V2'^' to 1(3° F* 
Nevcrthck^^s* this tiieory—that former colder jieriods were due to n 
reduction ot the carbonic acid in tlie air and wuirm pericxls to an in¬ 
crease in its amount—is faced by objections which I venture to think 
still inadctpiately answered- 

Xo one is likely to deny die possibility of great variations in ihe 
former composition of our atrnospliem Tlie theories of Koene 
(1850), Pliipwn (18D3-tl4), or Stevenson (19G2)/ that the primitive 

^De;srjireUt ramsi- dellVm OlacialCp'' mvla* tfitifii, 

^ Sv Arrlieotufl, On tlie nt carbonic acid in Hr- atr ajHin tbe trxnpcrtt- 

tore of tUo j^oiich*" PML Hng.y ieef* 5, Vol. XM, laKK pp. ^T-2T(L 

^T. V. L'liADiberlio. "A of tiy[M>tbe^ bearing- oa eUmatle cbatiK®*,^ 

Joum. VoL V. 18(1*, 0*13-083; •‘Tlw? mUuoai?e iif aixiit r(iorhs of liioc- 

stonc fonmitioii upoa iba (MiurtiUitloti of the ntrufWuLt-rv,'* IbW.. VoL VI. 
pp, <MKM12U 

*'Tlie cbremfcal nad (^Icjgicai history of the abupiSfifn-ni,^' 
rhi]- Mnjf.p XT. a, Yol. I*, fill, 312-323;. saft-KrT: iilao I"t. 11, *^Tbo coitiiiosltloa 
itnrt extent of thti iLtmcspbere in very prluiltlvc tEmes,''* FML Mag,* sjer* <L VoL 
IV, im m 44S^1. 
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ntn^CKgphere Tvas many times tbjin ot pi^esent, was ridi in car¬ 

bonic acitb i^ntl had no free oxygen, may lie inapplicable to any part 
of geological lime; though tlicy may vory likclj' be true for the first 
formed atmosphere, long before I lie date of the oldest known sedi- 
ineiitary rot^ks* From the Garth's tsurface we look up tbrongii zones 
of ntmosphet^e, in which t!ip oxygen and carbonic acid steadily dU 
iidjiish* and the nunute proportion of hydrogen at sea level increases, 
until iM) miles high the air consists practical]}' of hydrogen alone.* 
The aurora dares above us in ii mixture of hydrogen and neon; and 
ns tliere Is evidence of anch fundamental variEitions in the utmos- 
pherc in space* titere may well have been marked dianges in time. 
There itre so many agents pDiiring carbonic acid into the air and so 
many others witbdmwing it that it would be stmngc if the pre^nt 
equiJLbriuni bud always Lk^^ii maintHinetL 


Nevertheless it must not Iw forgotten that the ocean ^ as shown by 
Schloosing,* supportc*d by tlic w eighty expcrinients of Dittmarj con- 
Irols the amount of carlx)nic acid in the atmosphere. If the amount 
of carbonic acid in the atmosphere is dimiaished^ the bicarlionates in 
the sea ure disstxiated; the gas thu.': liberated is poured into the aii" 
until the former ef|nilibrium Isetwecti the teusinii of the carbonic acid 
in Uie atmosphere and in the sea ia recytablislied* Hence* a rGduction 
of carbonic aciil in tJic air is automatically followed by tim dtschargo 
of n^Iy as large a quanUty frcjm the so that any reduction is 
distributed between tlie air and the ocean. Any iticrease t>f carbonic 
acid in the ntuuKiphere is followed by tlio reverse change, and only 
one-iiixth of the nmoiint poured into the atmosphere is reTamet] there. 
It IS true that great variations in the relative cjctent of sea and land 
wotild affect the dissociation pre-sfurc of the bicarbomit*^ in the sen, 
but It WGtdd require a great reduction in the area of ^^ca surface to 
affect the cqidljlirinm appreciably* 


PmmhJr ^vl^hacf fr^m^ pal€i>jt£ofoffi/^ 


Efforts may be made to ascertain from paieontological evidence 
whether the atmes^phere has rwently altered its compodtiom This 
hue of mqiiiry does not promL^ reliable c^nelitsiono, owing to tliu 
powere of iidaptatiou of both animals and plants to changes in the 
aLino^phcre. An increaso in cariionic acid, provided it be not accom- 


Prehlvnia of tlai atmotsplicro,^ Proc* Hoi?. Insu. VuL 

^mitance la praportloo U ncld. curWnlaue daua 

J ttlrv' C4jmpt. HeaU., Vol. 00, p, mo. 
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pnnied by or^nic edlniion, from 3 parts to 100 parts in 10,000—flu 
increase ten times us great as the muxininm considered by Arrhe¬ 
nius—is inappreciable to ttinn. Tlie ordinary data of mine ventila- 
lion litn] the experimentfli results of Dr, ,T. S. Haldunc and Dr. Lor¬ 
raine Smith idioiv that men can stand, without seriotis inconvenience, 
an increase of carbonic acid to even 400 parts in the 10,000; and as 
there is no probability of temporary variations to any such degree, a 
sloa' increase in tlic cnrhonic acid contents of Ihei air would probably 
have a greater Indirect tilfcct upon animals through its action on the 
temperature than by its direct effect cm respiration. 

No^mth^r.'i^!inc€ of daUtt. 

Tlie main objection tn the atmospheric variation theory is that it 
does not explain the facts of liistoricol geolqg}'. And geologists, os 
the historians of the earth, test thoories whenever poftfible, Ijy their 
agreement with oontemjioraty' ttMxjrds. 

The influence of viuiatiotis of the carbonic^acid contents of the 
utmospberc on tctnpci'ature should affect the whole worlii simul¬ 
taneously.* * Tlie change need not be the same in all latitudes, os Ja 
shown by Arrhenius's tables; and also by this variation in the pro¬ 
portion of cnrbonic neid with iutitudp, which is rendered probable 
by tile evidence ndduced by Letts and Blake** Nevertheless, it might 
la? expected that corresponding positions in the two liomispheres 
should be almost equally affected, 

Tlierc is, however, no evidence of a glaciation in Europe'' in 
I'pjier Cn 1-1)011 ifcrniiS Or Permian times corresponditig to thot of 
South Africa or Australia, in spite of the unusually extensive knowl¬ 
edge? of liie land wnditions of that period. The Indian glaciation 
of Pokaifin In Jatittido 23* N., and of Chanda in latitude 19* X., may 
correspond to that of South Africa from latitude 24* fs. to 34“ S., or 
of southeastern Australia from latitude 30° S. to 40* S. But tlie 
general collapse of the supposed Permian glacial conglomerates of 
Uic English Midlands, and the unconvincing evidence collected to 
support Carboniferous glacial ion in I'ninoo, os by Julieii,'* leaves us 

*• It [K Hupe ibm acconlinE tn Uie rt-MultB of .Mojit!! and Aotiln IhCH! Ss at 
prcHsit a aWferenw In tLe amrpuiitR of nirtniiJi; netd In tin? air of the Nortbom 
and fioQtbt'rn bcnilsplicrce; tlii-y ctrtlraiifo tlif raain muount an (XOBS per cent In 
the Nortlwni tmd 0,027 per cent In ilio Scutlicm. This difference foUowa from 
Uie (rreutcr nrea of hm, la the Sonth4Frii HsaulEplicre, tvUlCh ran banlTy bavo 
bstii juai-h area ter at any prcvlnnD iterluiL 

* Iv, A. Letts ami It* I, ftlako, " Tha carbonic antiydrlilc of Ae ntmcapJiere,'* 
Scl. rrac, Roy, Dublin Soc., VoL IX. lOOO, pp, 17O-l!i0, 

*'niere l» some evldenc* at elaclal beds of thU period on Uio east of tlw 
UmL MunntnJnHL 

■fA, Jnlleii. ■‘Aacietis placiers tie la PCrltde IIoulI»nf tlnnK le I'lntenu Cflitral 
de Jii Fmiici'," .Ann. Club Alpin Fnincnjs, Yol. XXI, ISW, pp, 2S, 
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with no cvUknt‘8 of luiy ri,* *frigp™tion of Europe at the iliiie of iho 
Goi tdw ana- Lu I t(I glitciiit iuit. 

Again, the Upper Paleo^^nc glnciul de()o«$its of southeastern Aua- 
trolift do not njipeiu- to have been !^*ncUroDous in nil the localitifti. 
Tfie glacial deposits on the northern (rfiost of Tantuunm have l*ceii 
shown by Ivitson * to be of the uge of tljo jfersoy C'oitl SEua^ires of 
Tasmiiniii, which may he correlated with Uic I^ower or Greta Coal 
Aleoaures of New South Wales. Tho Victorian glociul deposits are 
probably on approximately the satilo horizon, which agrees with some 
of those of New Soutli Wales. But, according to l>nvid,‘‘ there were 
glacial deposiLs in New South Wales at the following djITercnt 
stages ill the Penuo-Carboniferotis; 

Branston (ilacial Ijeds in tlie Upper Marine series. 

Greta Coni Measures. 

Shales with occasional erratics In tlic Low'cr Marine series, 

I^fOchinvar Glaeinl Beds at the base of the Ijower Alarino wrics. 

Again, whatever view may be held on tiie controversy as to tho 
occurrence of warm interglacial periotU during tho Pleistocene gla¬ 
ciation of Europe, it will bo grticnilly ndnihted that coivsidornldo 
oscillations occurred in tlie estent of iw. TIulh the evidence in tho 
British Isles strongly supports the view that after the iiiuximmn 
ginciulion there was a rediiciioii in the extent of the ice, and then, 
after some interval, a fresh advance of valley glaciers. AoJ such 
iutcrlndes, of which in the British lelcs there may have been more 
than oni!, woiiid apjiear to require considerable vuriatiims in the 
uinoiint of carlmnic acid in (he atmosphere, repealet] wdtliin n short 
period of time. 

I\'eiglity evidence is also given against Arrhenius’s theoiy by the 
datw of the glaciutioufi, Jis tlicy do not irurrespond with tliuse at whidi 
vunationa in the carbonic-acid contents of the atmosphere would be 
most probable, ’IVidcsprcad volcanic t'ruptiuns offer the simplest 
explanation of the adilition uf targe volumes of carbonie aciti to (lie 
atmospherei but iiorlods of intense volcanic activity do not uppcdt to 
have been alwa\’s followed hy glacial epochs. 

The great volcanic periodii-^he Bcvoiiiaii, the Perniian, tlie Upper 
Cretnceons, tlie Eocene, and the Oligoeene—were not followed by 
markisl developments of glaciens. Tlie one coincidence is in the case 
of the Upper C(iilx>nifermis or Permian glaciation of (lomlwann 
Land. ni«? Pleistocene glaciation followed a iJeHod in whicii vol¬ 
canic action was powerful, but was prolwhly le«ss than at otlier jwi iods 
not followed by ghiciul advance. 

•A. E. EvUaim. "Oh the oecurmnee of iiJnclnl heiis at Wjmyanl, war Table 
Cape, TaaawHiii,’* fnw. Hoy, Stuv Vk-tork, new acr„ Vol. XV, ittOC, p. 34. 

*T, W. E Dav[iU ** Dlaciiveiy uf itiHvlateil boii liter* al base of Femo- 

Curbonlferona FyHtem, t/ichliivfir. New SSouUi WoleB," Jouni. Uov. Sw. ,N’cw 
Soutli Wuleo, Vol X.KXlIl, tbWli mi, lEH-lJiSK 
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Again, witli tlip reverse cost*. PeriotLi «f especiaily active wm- 
^nniption of itirbonic acid were lurf f«>Uawe<) by glacial epoctis. As 
l^rofctisyr Chariibcrliti lins sliowii^ the most cxlciuive removal of 
CJirbonic nci<l from the otmospliei-e ivas probably dtiring tho forma¬ 
tion of sliwts of UmestoDC, wliile coal jseuins eontuin a smaller but 
still large nmotmt of car}x>ii obtaiuutl from tbe carbuiijc acid of the 
nii\ The greut litiiestooe building j^eriiMls fixed ciiortuous tjuantilies 
of eurbonic ueid^ wliicii niiist liiivc come from the atmospbere. Iw- 
causo if obiained from tlic >!<>a its fixation notst have led to the trans¬ 
ference of « fi'esli supply from the ntmospbure. The greatest lime¬ 
stone pt-rirKla are probably the Ijower Carboiuferoiis, the Jurassic, the 
Upper CretiiceoiiS] and the Eocene and the Mjot:ene. But none of 
them was a jM^riorl of active glaciation. Speaking genorallT, they 
appear to have been wanner than tlic tiveragc. Thus in the Tlritisli 
Tales W0 find unusujitJy well-developecl growths of corals in the Ijower 
Curhonifvruus and the Jurassic. The British Eocene ilorn iodiidtHl 
plants suggestive of u o'^amier climate than that of the pre.'^tit lime, 
while the lottrine fjiiiuas of tin? Jiliddle CcnoKoic in Europe uiid 
southern Au>:tnilia indirated that those sens were tlieii Wiirmer than 
they are to-diiy. The Up^wr Cretacvons alone gives nny indications 
of cold conditioiis, ns shown by the prnbahly ice-home bowlders in 
the Englh-h Chalk and the temperate nsjicct of its fauna; but the oft- 
staled view- that Greenland then enjoyuti a subtropical rliniatc rests 
on evidence which at least docs not siipjstrt the idea that (he jieriod 
was one of tiniversal severity. The apparent iiKlepcndeiice of the 
times of limcsUine formation and glaciations is further shown by the 
fact that the chief glacial periods—the Camhriim in Australia and 
eastern Asia, the Upper CarlHiniferniis or Permiim of Soiitli Africa, 
India, and Aiistniiia, itnd the I^leistocene in the Northern Ilcjiii- 
.sphcn^wcrc not |N!riods of great limestone fomiatiun. 

ciiAxorLS tx TEaiKmu-n/BB noADiexT of the ATWrmpirERE. 

Tho influence of charges in the composition of the atmosphere is 
also the basis of Dickson's theory.* But he traces its influence not 
through tli6 variations in Iieat absorjitiun by the atmcsjihere, but 
thmugh the variations in tho temperature gradient from the Tropics 
to the polar regioms. Dickson's paper is of value from its clear stiite- 
ment of tbe facts showing that a development of glaciation is ixjssible 
with only a small ehaiigc In mean lemperatni'e'. 

^Dickson appeals to a former difTeronce in the temperutnre gra¬ 
dient brtween the jralar and equatorial regions; he attributes the 
change in griHlient either to the changes that are tdwuys In prograss 

II, N. Iilckwi). "Tht- iiKfin tempera tine ot tlie atniospbcre and tbe rautiefi of 
glacial iwrloda,’' t!i>ogr, JuuriL, Vol. XVIII. lOOl, pp. SIO-SSS. 
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in the obliquity of tbe ecliptic^ or to rorijilions in the carbonic acid 
in the lur lie jiboivs that cither give effects of tlie magnitiirle 

required; hut it scotriw doubtful whether citlior will ngr^ wilU the 
record'^ of hif>torical gctilogip; for as regards the fiivt cause, Uie change 
in tlic obliquit_v is. geologically s|>e4ikingt short and constant oscilla¬ 
tion; and. tis to the fHxionJ, as it on the variation of ciirhoriie 
acid, it is open lo the same objections os to those of Arrlienins^fl 
thcon,^ 

IS ATMOSPHERIC ClftfrCtJ^TtON. 

That the explanation of gldcial periods is to lie souglit in changes 
in the circulation of the atiuosj^faer^s reRuIliug from geographical 
changes has been several times stiggKited, jn accordance with Bu¬ 
chans resultsy This principle Uas received its fullest uppliealinn 
to a sjwcilio cB“e by Itarjiirr^ Iq the Pleistocene cnirmte of north- 
westeni Europe. And, moreoTcr, Dickson has diown Iioav I lie iJistri- 
hutioii of the glaciaiions in that case corre54porids with what would 
he expecicil if they were due to dilferenccs in atmospheric clrcuhitioiu 
Sudi meteorological changes would lie quite inadfK|iinte to expluiii 
the occurrence of a tropiml dim rite in the iirctlc regions, but they 
would necouiit for cJianges of temperature: of n few degrees, and for 
glaciations by local coticent rut ions of the snowfalL Tlic difference 
between the climates of ^ve^tern Europe and eastern America is ob¬ 
viously due to mct<.!Orological conditions^ r&iulting from gieographical 
position. The differences on the two coasts of Lhe Xortb Atlantic 
were naturally fii^t attributed to the influence of ocenn currents; hut 
with our present knowledge os to I heir feebleness and the bonding of 
the Bulf i^ti-eam off A’^ew foundlanrL ocean cnrnmts may be dismissed 
as a very siibordinate factor. A different distribulicji in air j)i*essuru 
resulting in a different circulation of the wind would probably be ii 
more effecuive cause, ami appears to me at prcsneiit to offer the be-’t 
ppos|jei;ls of a satii^ factory sol u I ion to the pmbleuo. It is Um only 
explfinulion that e«ems to agree with the essentinl faeU. viz, the 
development of glaeiution from scattered centers, and at somewhat 
different datea^ and the appareui independence of the glaeiaiions in 
dUtaiit cerntinents, and their apparent direct dependem^ on a pur- 
ticulur adju^itiuent of meteorological conditions. 

The slow march of glaciation acrosis North America and possibly 
nl^ across Europe is intelligible on this hypothecs, and there ii no 
reason, on that theoiy,, to expect coincideriCE cjf glaciations in tho 
Northern and Southern hemisplicrt^. The former glacial extensions 

■F«?r InstHtlce, t cmlHiTOreil tn iiJiiJw la imi thnt Uit> mere cxtcnB^ve |[1acla^ 
lion of Mount Kenya wna tlue to n locnl lUrrerencu In ttie ntnivaracrlc prL«i 5 flure 
due to ttie former orenrer liel^it nf ihla di^auded volenno. iduclal 

ficfilogy of aSonnt Konya," QuarL Joiirn. Skur., Voh U ISIW, ei|k 
h\ W, namier, Qnnrt. Joiini. Cii^i. Soc^ Vel. LV1|, piv 4 Kh47;L 
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in Australasia <rau thus be easily explaitied; for the evidence, so far, 
appears to lie only convincing in localilies either an the edge of the 
antarctic regions or in local nreus where the meteorological conditions 
«ro uniisnuL Xew Zefliniiil is often quoted as having lieen glaciated, 
cither in the Pleistoeeiio fir at the same time as the glaciation of 
Kurt»pe> Bnt it should l» renjenjl^ered that therii is no evidenca yet 
of liny glaciation in iho North Island of New Zealand, and iho 
former range of the giaciers in the South Island lias been consid* 
erably exaggerated. On the wcsteni slope of the Boutlj Island gla¬ 
ciers in latitude 43« 20' S, still come down to tlie level of itOO feet 
above ihc sen; and it is along that coast with Its intense rainfall that 
the former ice extension is most dearly shown. In Tasmania the 
Pleistocene glaciation rtsulted from a heavy snowfall along the 
western edge of the Central Plateau, and the low morainci; yet proved, 
occur only in tin* valley's leading down to the western coasta; but on 
the mainland of Australia the evidence of former glaciatiun is very 
scanty. Its existence has i>een finally established by the w*ork ti'f 
David ami Pittman, on Kosciusko; hut the uuujcroqs cases of Pleisto- 
cciie glaemiion thul iiavc licen asserted in Victoria can not be inn in- 
tuinCf.1. 1 have visited all but two, and saw no evidence of glacial 
action in any of them; and the eviflenca relied on in boUi the places 
f havo not Been has ijcen described by olhers a.s explicable by tion- 
gtncial ugeiiciefi. 

The Permian or Carboniferous glaciations of South Africa, India, 
and Australia being in low latitudes and ranging down to sea level in 
New South Wales and in the Salt Range apt>ears at, first sight to 1« 
tho most diflicult problem in paleometeoroiogy. But the question is 
simplified by the following considemlions; 

1. The geographical conditions f>f the areas concerned wew very 
d liferent from I hose of the present day, 

9. The three la'sl-fcnowu glpcial centers occurred on the borders of 
tlic old continent of Gondwatm lamd, fnrtlnst from the equator, and 
they 1%'crp piobably all near niouiilainous country, facing seas open 
to the colder zones. 

3. The only cases where the glacial deposits reached the sea were 
in tho areas farthest from tlie Trujiics, and probably tiitist exijosed to 
cold winds. 

4. Icebergs occusionnlly now reach almost to the Tropics; tinis in 
April, 1804, ono was seen in thft South Atlantic in latitude 2fi“ 30' S. 

fi. The glacial deposits appear to have Uhiii absent from the more 
tropical parts of Oondwana Ijurid, us tliey dUappear toward the north 
ill both Australia and in South .\frica. 

Both in Australia and .South Africa the glaciation occurred in 
nrejK where mount a ins existed near the sea. In soutUeaBiern An.s- 
trulia there is amide evidence that a wide Upper Paleozoic sea luy to 
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the oast of a ^ilf to the notthwent of AiMralia. Tn all pnilsuliilitY 
there was a lar^e extent of kntl bfreldiing soTithwartl and eultitip olT 
the cold soiithcrii oceoti from the whieli extencJcd ^^outliwonl 
from the Tropics, Under such conditions Uie wind s^yirteni-s would 
hnvo tmvoracd the Australbn lands upon a different path from that 
which they follow now, uml they would not ha^o adviinwHl 
stendily. The winds would have carried large quantities of moisture 
i4ou til ward t fiom the warm northern and it would have l)eeii 
cipitated on the mountains of that peritalj which were kept cold hy 
tsfuitherly ivinrhi, chilled by their passage over the former extension 
of Au-htnditt to the south. In South Africa and South America I lie 
question is simpler^ as there is no proof of the glacial deposita hav¬ 
ing been laid down at sea level j they may have ijcen formed u|.>on the 
flanks of mountain areas^ kept abundantly supplied with snow* by 
west winds blowing in from the adjai'ent oceans. In India the coudb 
tion^J were probably meteorologicaUy similar, the gluciation having 
liccri mi the cocikr edge of Gondwana I^nd, where it was Ixjundcd by 
a tempemte Kca^ and though the glaciers ranged into the Tropics in 
southern India os far south ns latitude IT* 20^ N*, there is no proof 
that they occurred there at low levels. 

It appears, therefore, probable that variations in climate, 
which have la?en cstablinhod on adequate evidence, can be accoiintctl 
for by differences in aimospherie circulation, due to different dktri- 
butions of land and w‘ater. All the evidence available regarding Ihe 
Upper Paleozoic glaciation of QonciTvana Land uppear^ to lie oon- 
sislcnt with the riew that the glaciers deveJQ[HHl, like those r>f the 
Pleistoceno ^aciation of North jVmerica and of iiorthwesteni 
Europe, in a number of scattered Iticalitics^ where mnuTilains oc¬ 
curred benidc the sea, and where the metcorolngical conditions pre*- 
duced a iiigit snowfall and a low summer temperature^ 
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By Prof. Jdi[^ JotT^ SI, A++ !>■ Be*.. h\ R. 


I^fTttODtTCnOJT. 

In ntir day but little time elapses l>etweon the discoTOry and ita ttp- 
pHaitioin Our starting point is as recent os the year li>03, iivhen 
Paul Curie and lUiiiordc showed espcrimentally that mdifini steadily 
nnilntama its temperature abore its surn^undings. As? in tho case 
of many otlier nioinentous discoveries, prediction ,aiid oven ciilcy- 
latinii had preceded iL Kutherfortl and McCiung, two years before 
tho date of the exj>eriiiient. had calculated tlie heat equivalent of 
the ioniaction effected hy uranitmij radium^ and thoritim* Even at 
tliiH date (l!KK4) there was much to gn upon* and ideas to the 
eonmic mllucnce of nidio-activiiy wore not slow in sprexiding.* 

1 am sure that but few among those whom 1 am addressing have 
seen a thermometer rising under the inflnence of u few centigrams of 
a radium salt; hut for those who pay due respect to the principles of 
tlicrmodynamies, the mere fact that at any moment the gohl leaves 
of the elfictnujcope may bo set in motion by a truce of radium, or^ 
lietter >dilL the j^rjadnal motion of Stnilt^s radium clocks” is all 
that is ttoptimi ^ denioniilration of the ceaseless outtlow of energj^ 
attending the events pi'oceedlng w^ith^|^ the atomic systems. 

Although tho term “ceaseless h ] 111^1 ifiW in comparison with our 
own span of existence, the radium clock will in jmint of feet run down 
and tho heat outflow gradually diminish. Next year there will be loss 
energy fortb<»ming to drive the clock, and less heat given off by the 
radium by about the one three-thousandth part of what now' are 
evolved. As getdogistsT accustomed to deal with millions of years, we 
must conclude that these actions, so far from being ceaseless, are 

AftariifMH t0 t^c g^loglcnl Bectlon at the British Assoeliitlon for tlie Ail- 
at Bn-leoe^p at DoaUn^ Reprinted by i>eriuL^on, with correc^ 

tlnflu by Xha author 

^See U'tiera HMMyirlOK to Nature of July 0 ami Beptemher 24+ lfiKS3> frotn tJie 
tfile ^Ir. W. E. WM)^n and Sir tlear^ UarwEo rt'^ferrEiif; to mdlam ah a Bolar 
cotuttUuenr, and one from the writer (Octuber 1. it?ea) cu Ltu lanuenee ns a ter^ 
reatrlal cfiiastJiueat 
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i^pliememl inrliwdt iind thnt if imporittiiee h to be iiH?rtbed t* nidi urn 
^ a geologirai] agent we must $ed£ to find if Une rttdiwm now peril¬ 
ing off tbe earth is not made good by some more enduringly activ'e 
eubsctaiice, 

Tlittt umnium is tbe primary source of supply can not be regarded 
a^ a mutter of infei'ctit'e only, Tlie recent discovery of ionium bv 
Boh wood serves to link uranium and nidiiiini.» and explains why it 
was that those' who siiught for radium ns I hr immediate offspring of 
uranium found the latter apparently unpruducUve^ the actual rela¬ 
tion of urauiiim to radium being that of grandparent. But even 
were we wdthout this eonnected kiiowledgPi tlie fact of the invariable 
occurrence in nature of tbes?e elements, not only in association^ but in 
a quanlitalive relationship, can only l>e expliiinod on a genetic con¬ 
nection between tlie two. This evidences mainly due to the work of 
Bolt wood, whei'i examined in detail, becomes overwlielmijigly con- 
vincing. 

Thus it is to uranium that we look for ibo continuance of the sup¬ 
plies of radiutn. Jn it we find an all but eternal ^onrm The frac¬ 
tion of this substance whidi decays eadi year, rat bet, is trans- 
fortned to ii lower atomic weightt is measured in tons of Uioiuiands of 
milliontlis; so tlmt the uranium of the earth one huudre^l million 
years ago hnidlly more than 1 per cent greater in mass than it is 
today. 

As radio-active investigations becsiinc more refined and oxtendctl, it 
wriis discovered tlmt rudiuni was widely diffused over the cailli. Tlie 
emanation of it wus obtained from the atmosphero, from the soil, 
from caves. It was extracted from weH waters. Eadium woss ftainJ 
in brick-eartlis^ and everywhere in rocks contuiniug the leiu=:t trace of 
demon St rablo lu^nium, and RiitUerfonl calculated tlial a ipiantity 
of radium so minute as grams per gram of the eartli*s 

mass would compenaatc for all the beat no%v pa-^siiig out thi'ough its 
surface as determined by the average teiupei^ature gradientiv In lOOfl 
the Hon* R* d. Strutt, to whom geologT,’' owes so nmeh, not only here 
but in other lines of advance, was able to announce, froiu a sy stematic 
examination of rocks and minerals from vnrious parts of the worlds 
that the average quuntity of radium per gram w^as many times in ex¬ 
cess of what Rutherford estimated as ade^iuute to account for ter¬ 
restrial heat loss* The only inference po^ible was that the surface 
radixun was not an indication of what woB distributed throughout the 
mass of the earth, and, as you all know, Strutt siiggisited a world 
deriving it^ internal temperature from a radium jacket some 45 
miles in thickneisis the interior being free from radium,* 

i\ry own experiraejital work, begun in 15104, was laid aside till 
after Mr* Strutts paper had appeared, and a valued correspondence 


“Proc, Hey* S5wh VoL LXXVII, p. 4kT^ and Vvl LXXVUl, p, 35(1, 
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With distinguished siuthor w na permitted to me. Tliis nddre-^ will 
Ih? eoncernetl with the upplication of tny results to questions of geo¬ 
logical fivunmics. 

Did time pcnnit T would^ indeed, like to dwell for n little on the 
pnictical aspect of measurements as yet so little used or iindLTstorxl; 
for the difliculties to be overcome are considerable and the precau- 
lions to be taken many. The quantities dealt with are astoundingly 
minute^ and to extract with ccTOpletencss a total of a few million 
millionths of a cubic millimeter of the radio-aetiTe ga-n—the enrnna^ 
(inn—from perhaps half a liter or more of a sfolution rich iu dis- 
isplvcil Hiib^tanees can not bo regarded as an operntion exempt from 
[)asHibiUty of error; and errors of daiiciency are accordingly frequently 
met with, 

Special difficiilties, too, arise when dealing with certain ela.'^ses of 
rockif. For in s^ome rocks the radium ia not uniformly diffused, hut 
is coneenlratetl Jti nidio-iictive substances. We arc in these Citscs 
assailed with all the trembles which besei the a^aycr of gold who is 
at a lo«s to deteruiiiio the a%^enigc yield of a rock wherein the ore is 
sponidically dislributed- In tlie case of radium detenninations this 
difhciilty may be so much the more hUeU-Hitied as the isolated quatitl- 
tics involvtnl are the more minute and yet the more potent to affect 
the result of any otic e.vfjeriment. There is here a source of dbicrep- 
ancy in sticcessive experiments upon thcise rocks in w'hieli, fmm 
fncluiiiorphic or other actions, a segregation of the uruniiim has taken 
place. With such rocks the divergences between suc^ce^aive results 
iii'o often considerable, and only by mulls plying the number «jf ex per i- 
raeuls can we hope lo obtain fair indicatinns of the avemgje radio- 
activit 3 % It is noteworlJiy that these variations do not, so far as iiiv 
observations extend, present themselves when wc deal with ii recent 
marine se^liinent or with I'ertain unaltered! deposits wherein theixi has 
liecu no readjustment of the original fine slate of subdivision, and 
even distribtitiniij which attended the prcci|utiiilon of the uranium in 
the process of sedimentatioju 

But the difficulties attending the est imation of radititn in rocks and 
other materials leave h1ill a large balance of certainty —^ far aw the 
word is allowable ivheii applied to the aver-widening views of sci¬ 
ence—upon which to base our deductions. The emanation of radium * 
is most characteristic in behavior| knowledge of it^ peculiarities en- 
liblea ns to dibtingui.^h its preseneo in the electro^^ipo, not only from 
the emanation of other radio-active clemeQts but from any acctclcntal 
Ittikage or inductive disturbaiiee of the instrument. The methcxl of 
measurement is purely comparative. The cardinal facts upon the 
strength of which we associate radium wutli geological dynamics, lU 
development of heat, an<l its association with urnnium are founded in 
Uie first case directly on obs^valion and in the second on eridenco so 
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stninij ii.s to 1 x 5 equally convincing. Recent work on the question of 
tlio iiiilueitee of conclitjons of extretne pi^esEiirps and tomiiemtiires on 
the radio-Itctive prfifHjrtie^ uf radiant appear to ^how that, as ^oulcl 
Iw nnticipatedy ilie etiect is smnlK if indeed existent. As observed by 
Makuwer and Rntliorford^ the pmnll dimitiutiorL not iced under very 
extreme conditions in the y rudiiitlon possibly admits of explanation 
on indirect ctfects* These observations apponr to ieave us a free hand 
as regards radio-lhermat effects, unless li^'hen pursue speculations 
into the remoter depths of the eartlh and cA'en there, while they remain 
as n reservation, they Ity no means forbid us to go on. 

The praise quantity of heat to which ntilium giv<.^ ri^io^ or^ rather, 
which it"? prcA-ncc entails, cam not. be m\d to known to within a 
small i>ercentjige, for the thernial equivalent of the rudio-acLive energy 
of uranium, nctiniiinit and ionium, nod of those nieintjei^ of the rn- 
diiuii family which are slow in dmnging* has not tjceii inonTrUnKl 
dinTtly. Profoissor Rutherford has su]>plied me^ liowevcr^ with tho 
calciihited amount of the aggregate heat energy liberated per s™)nd 
by all these Ixxliei?. In the npplications to w’hich I shall jirescntly 
have to refer 1 take his cstinmte of 2j,0XX0“® calories jier second as tho 
constant of heat production attending tho presence of one gram of 
elemental radium. 

To these vvortls of introduction I have to add tho remark, perhaps 
obyioii&, that the full and ultimate analysis of the many gcotogieiil 
questiuns arising out of the prcH^nco of rndium in the earth^^ surface 
materials will require to l>o founded upon a broader basis tlum is 
afforded by even a few^ hundred experlmenL^ Tlio wdiolo sequence of 
Ectlimeuts has to be systematically examined; the various classes of 
igneous materials^ more especially the succe^ve ejecta of volcanoes, 
fully investigated. Tlic conditions of entry of umnium into the 
oceanic dct>a^its has to studied, and ol^servalions on sea water and 
deep-sea sediments multiplied* Alt this work is. for the future; as 
yet but little him lieen accomplished. 

TIIE HADIUM rs TUZ laJCKS ASJJ TliE OCEATf. 

Tlie fact, first established by Strutt, that the radium distributed 
through the rock materials of the earthsurface grratly exceeds any 
permissible estimate of its internal radio-activity has not as yet re- 
ceived any explanation. It might indeed Im truly said that the con¬ 
centration of the tieaviest rkment known to us (uranium) at tlio sur¬ 
face of the earth is just w hat we- tihould not have expected. Yet a sim¬ 
ple enough explanation may be id hand in the heai-pcodudng cupacity 
of that substance. If it was originally scattered through the earth- 
stuff. not in a uniform distribution hut to some extent concent ruled 
fortuitously in a manner depending on the origUi of teri'estrial iiigre- 
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dients, then these nuHoii tivo niicle] heoting and expanding beyond 
the ciipacitY of siarroundmg matceinli would to the surface of a 
world in whi<'Ii convective uotioti^ were still possible^ and» very con- 
cGivebIj% even after such condiLiona liad ceflsorl to la? geiiorid; and in 
tlii-s way iJio aiirfacv iiiatt^riaLs won Id l>eecinio richer than the interior. 
For i Ob’t a nee, the extrnJetl mass of the Deccan basalt would hll a 
sphere 3(1 miles in 1 ‘ticlius. Imagine finch a sphere located originaUj 
somewhere deep l>ericuth the Fiirface of the earth suirounded by mate¬ 
rials of like density. The ultimate exce^ of temperature^ due to its 
iiraninnp attained nt the central parL^ would amount to about LOCK)'’ 
C,, or snich lesser temx)eroture as conYcclive effects within the mass 
would permit* * This might take some thirty million years to cuoie 
alx>uL hut before so great an excess of temperature was readicil the 
force of buoyaney developed in virtue of its thennel expansion must 
inevitably bring the ent ire mass to the siirfaii?. This n^^asoning wouldj 
at any rate^ apply to material situated at a cmisideriible distance in¬ 
ward, and may po^ibly Iw connected with vulcanicity fliul either 
crustal distnrbancses ol>^rved at the surface-."* The other view* that 
the addition of uranium to the earth was mainly an event stii>^|iietit 
to its fonnation in. bulk, so that radio-active substances ivere added 
from without and, possibly^ from a solar or cosndc source, has not Ibo 
same a priori pixibability in itfi favor.** 

I haw ill this part of mV atldrcsi hriefiy to place before, you an 
aecoiiut of u^y expvnmerits on the amounts of radium distributed in 
surface materials; Here, Indeed, direct bnowledj;^ is not attainable; 
but this ktiowdedgo takes us but a very few miles inward toward the 
center of the earth. 

Th{* iff neons roeks* 

The basalt of the Deccan, to which 1 liave referred,, known to cover 
some 200*000 square miles to □ depth of from ipOO to G,000 feet or 
more* appears to Ija* radio-active throiighout. A fine of tunnel 

and surface specimen?! i^nt to me by the Director of the Indian Geo- 
logicn] 8iin’e_v has enabled me to C-taminc the radio-activity at various 
l^oinK It is remarkable that the nican result does not depart much 
from that atTorilcd by a long scries of experiments on iiortli of Ire¬ 
land basjilt unci on the bass I t of ( iroetiland. 

Again, the granites and syenites—and tliose of llounic, Aberdeen, 
I^cinatcr, Plaucn. Finsteraarliorn have been t^xamiued—while variable, 
yet approxiiiiate to the ?ame mt‘an result, 

Tu the Simplon and St^ Got hard tunnels igneous rocks have been 
peuetrabHtl at considerable dept 1 1 l^enenth the !OIrf^ct^ The greatest 
true depth is attained* I think, in the central St. (Sothard massif* 

*■ Appeailtx A to ttiJm article, 

* Xatan** VoL LXXY, n. COJ. 

mu;——34 
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It is rcmnrkiible. imtl miiy be significant, tiiwt ui Lhcj^ bitter rocks 1 
have reachect the lowest radicKnctiviti^ I Imve met—down to almost 
one-milUon jnilliunth of n gram of rutUmu per grains altliongh the 
gimeral nteafi of tlie St* Gotlittrd igneous roi^ks, owing to the high 
radiu-actisdty of the Finsleraar granite i\t the north 00tl of the tun¬ 
nel, is not exceptionally low. Iladio-aetive minerals seem mnimon in 
the Simplon nK^ks, invoicing oonsidernble variations in stiec^^vc 
experimenls* Some of t!ie highest results an^ otiiiLtei] in the nieiin 
given Ijelow, but a^ it is diflicidt to know wliat lo jiHosv for purely 
sporadic radintu the mean b not very certain. In the case of a 
cially high result I a^ked Prof. Emil Werner to detenuiiie tlie ura¬ 
nium ; US}" result was confirmed* Mj list of mean results on igneous 
rocks Mp to the present is the following; 

naRTilta ------— ° n,U 

tjTTinUep _ —---- 4,1 

KJen3tl/^^ --.-—-<1 

IjCwleJan piielsy^ ---——--- 

siianiop ---—--T*6 

£^E. CJollmnl im ---——-- tiX 

The general mean h fiJ* 

From the igneous nx^ks lm%*e originated the sediments after a loll 
of dissolved sulnsianees has lieiut puiil to the ocean. It does not of 
coiirse follow nec^arily that the percentage nf radiuni, or more cor¬ 
rectly of nraniumt iu the sedimentary rocks tjjouhl lx» le^ss than in the 
igneous. The residual material might keep the original percentage 
of tlie parent rockt or even iniprove upon Tliero are n^ayorts for 
la-licNung, however, iLuit there wcstild lie a cUiinnulidn^ 

Tliose scflinientary rcx;ks which have Ijieen derivei! from material 
ftsriucrly in solution otter a difterant pitjbleni. In their case tliere is 
little or none of tlie original materials carried into the secondary rock, 
and Uip rtubt^-nctivity will cte(>eiid mainly iiptin how fur uranium is 
precipitated or abstracted with the ruck-making sllh^inllee£; in oilier 
words, ujHjn how ftir I he waters of the oeean will ristoi^ to the rocks 
whiit it has borrowed from them. 

This brings me tii con^dider the couilitiori of the ocean ns preixira- 
lory lo counting exiierinicnts on the sediments* 

The Ocean and tfedrmeHls, 

The waters of the ocean* covering five-sevenths of the earths siir- 
fnee to a mean <lepth of 3.S kilometcre. repr^jent the most ahundnnt 

“Thin nuailier to liv tnilXtahed by ICr^j autl lallllon uiinitpatLtB 

of & jeram of r4allaiD per jmiPi nf material TUrtnighoal Hie of 

aiJT fiUUtt'fiM thin iiniJertaaiidInF? hoIPp, aiUew where n Lilffemot oienTiliif? la 
ppccUli^L ‘Hie imiulierg In |>iireiitaLm^» Klgutlj Ibe aiiiuber yf aiffereut E^iiecliiuma 
lui'eailgutecl. 
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j=furface material open to our ioTestigation. As the mean of a very 
large number of experiments upon 22 dilFcrent samples of sea water 
from varbmj widely separated parts of the ocean^ I obtain a mean 
of 0.010X16"^ gram per cubic centimeter, Tlxere is ccnisidenibJe 
variability. Taking tbc mass of the ocean ^ L^rTSXlO'** tonnes, 
there must be about 20X10* gran:i^ (20,000 tons) of radium in its 
waters. 

The experiments which I have been able to make on deep-sea de¬ 
posits, thanks mainly to the kind coofa^ration of Sir ilohn lliimiy, 
opply to 10 d liferent materials of typical di a ruder* 

The results arc so consistent as to lentl mo to believe tbat^ although 
so few ID number, they can not be far wTcng in their general leadiiiig. 
The moans are: 



nsflluicni. 

kiaemhan 
(njIUknii i\l 
mman 



laiA 

.... Si.,+*,4,^., 

nikdlciiidan OQH^ .... 

K.T 

2rS 


^3 

Al.A 

. . . . 


Diatom ooaea have not yet lx»cn examineti 

It i» apparent from the^ refillta tliat the more slowly cxillcding 
sediments are those of liighebt radio^actjvjty, as if the orgunic tnnte- 
riab raining dt)wnward from the surf ace of the ocean earrieti every¬ 
where to thedeptlis uinmiim and radium aljstractcd from the ■waters, 
but in those regions where the conditions were in indeal to the piiiser- 
vution of die assc^eluted culcareous t^ts there was the less dilution 
of the radio-active substances accumulating l>eneath« The nest hible 
show^ that Tudic5-adi\nty and the percentage of calcareous matter in 
tbeso de[>c^its stand in an iiiverife relation: 



Clklura 

curbfmBJUK-. 

fCadluin, 

OloSple^rinii Ain; 

Oi^|i*‘iliifP'i' -I. __ 

PtttntL 

{L7 

nMJieotwasfl.,... ...... 

4U.S4 

ri wi 

1 7.4 

1JL 4 

IMelnjoim; 

CluOteiiifT 4 . 

Ctiil6ciijDflr?rfi,.,., ... . . 

mzs 

1 

1 IOL-III' 

52,^ 

22.4 

BMioUfltrii pQft#: 

Cfi4!lcEu;i?r3i2..^.,. .... . i 

3T4.... . .... .,4.,.;. r-rr-., .... ..... . tt,, . i . .. i . . ........... ... _ .! 

3Lae 

fid} 

1 


The percentages of coleiiiin curlx>nate are from the report of the 
Challejiffcr expedition. The red cby in the teble, which reads as an 
























362 AJ?JJUAL IlEt^OET gMtTHSDNIAN INSTITUTION, U) 08 . 


fipparent csception^ is probabJy a case of nK^eot change in the char- 
ficler of the ckposits for the evidence of manganese nodules and 
Turks' teeth brought up with this day is conclusive as to the slow rate 
of its collection. Keaders of t<ir John Sluiray-s and Profe^or 
lienni^'s rojiart will roiuemlwr many cases where recent change in the 
diameter of a tlepo^-it is to he inferred, 

A point of iitueh iui|iortance in connect inn with our views on 
oceanic nniio-iictivity is that of the presence in the waters and in the 
deposits of the parent radio-active suInstance* uranium. Tlic evi¬ 
dence thiit the full Gtpiivaknt umoiiiit of uruniurii is present is^ 1 be¬ 
lle eotidusieo. 

In the firt-t plact% to no vast a reservoir as the ocean the rivers can 
not be suppos^ to supply the mdiuin stilBeienlly fast to mu he good 
tile decay. In a very few thousand years, in the aljr^ence of uranium^ 
the rivers must necer^ril}" renew almost the entire amount of radium 
present. 1 have made esamination of the water of one givut river 
only—the Xik. The quantity of radium detected was O.OOl'iXJ^CP^* 
j>er cubic centimeter* That is less than the oceanic atiioiiDh In 
short, it is evident that tho uranium must accumulnte year hy year 
in the ocennte I'estTvoir^ like other substances brought in by the 
rivers^ and that the prcJK^tit state of the waters is the result of sudi 
actions prolonged over geoiogicysl time* 

Wliile this rt^-asoning is condiihilve as regards the w iitet^ of the 
ocean, it does not assure us that the sc^Unients tjceumulwling in their 
depths are throughout ns radio-active as their surface parts would in¬ 
dicate* There might lie a [irecipitatinii of radium unuttended by 
uraniun], in which case Ihuir deept^r parLs would not lie radio-active* 

Against this i>ossibility there is the evidence of sucli true d(^e]>-sea 
depwits as were formcil in past times and to-day still preserve their 
radio-aeiivhy. For instauci\ the chalk, whielu considoritig that it 
was undoubtedly a very rapidly formed dejmii, e?diil>its a radio¬ 
activity quite compurnbk wdth that of the (tlubigeriua deposiits 

wdiich it most ni^arly resembli^s. In tliis deijojdit, dearly, the uninimn 
must have collected along with the calcareous materInK \Vc can 
with swellrily argue that the sinnlar oo^^cs t^llected to-day' must 
likewise contain urnnttim. In the case of the red clays we have tho 
dim:t detenu illation of the uranium which Prof. Emil Werner w^as 
so gwal as to make at my request, Considering the ditTiculticvs iittcruU 
iiig its separation, the result must lie inken as supporting the view 
that herct too. the radium is renewed from the uraniiiim llegariling 
tlie elTort> of other oliscrvers in iletect uinuium in swli deposits, it is 
noteworthy that without the guidance of the radium, enabling spo- 
cinlly rich niatorials to bo aeketed for armlyids, the succe 2 ^s of the in¬ 
vest igat ion mast have Ijcen doubtfuL Tlie material used was n red 
cky with the rdativdy large quautUy of 15-1.4 million millionths of a. 
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gram jior grairii In ii fiHV gruniis of thia lYemcr obtainet] up to 
wTeri'twt'Ifths of ihvt total tln^orptic iifuoiintt md of counso llw eepii^ 
rutjrm of iho urniiiurn is not likel}' to have been eornplcle^ 

It iii%1]t lie thought n liO|3>e1es^ tiiidt lo oUcr any estiniale of tlie 
lotEiI bkjJk uf the snbocx^oiu deposits and from this tci orrive at some 
idea of the qiiaiitity of radium I here in eontaiiiisJ. STeverlltoless, siidt 
oil estJinalo is not only jMissiblo, but is based uii deductions which 
considerable security* * Asa major limit 1 Ixdicve the estimate 
of the total of deposit is iinai^^ihible, and fsnch siiblractivc enr- 
rectiniis as mi^rht be applied will still leave it an approximation tu the 
truth, 

'Hie elements of the problem are simple enough; we know that tlie 
sellimentary rooks have liocn derivwl fi'om the SgneuiiSf some 30 {W-r 
cent of the Inttor entering into sobition in the proceisn of euiiversion, 
Some uf the. soliiblo constituents^ owing to their gre^it sohilnlity^ Iiave 
remained I in .solnlion sine's thev entered the cjcenin'* Tln.'se ore the 
salts of sodium. An estiinate of the amount of the^ fialU in the 
ocean gives ns ti rlue to tUe total amount of itx^k substanci' vviiicli has 
cxiiitribilled to oceank salt^5 ami *xvanic depEjHits since tlio inception 
of the oceans. Some years ogo I deduced on this basis lUat the 
igm'oits RK-ks wbidi are parent to the sodium in the s^o. must liave 
Eiiiiounted to about to^u^L^ Tins figure iji mi way involves 

the rate of supply by the rivers or our ciiiimate of geological time. 
Ti only invidvi^i the quantity tsf asodiuDi now in the oceitn—a fairly 
well known factor—and the less of this elementT which occurs wlieu 
IIverage igneous mcks lire dcgradeil into scHlimentary rock«-^a factor 
:i1ho fairly well known. Mr. F* W. Clarke, to whom geological science 
is indebted for so much exact investigation, has recently repeated 
this ctikuhition, using data deduceil anew by liimsclf, and arrives at 
the result that the balk of the parent igneous rock was 84.3X10* 
cubic milesp^^ (.)ji a s^ieciJic gjuvity of 2Ai iny cwLjnmte in tons glvcfs 
nearly tlie same rcisult—S4X10* cubic mileti* 

Xow^ about one-third part of this parent rock goes into solution 
when bi'eaking up into a detrital sediment. The ILiiiestQues u|jon the 
land ure part of what wati ouce so brought into solutjoji. llaviiig 
made dixluetioii of iht^* former marine deposits (and I hei'c avail iny- 
self of V^aii niseis and Clarke's estimates of the total atnount of die 
seiiimentaries and the fraction of these which are calcareous)/ and 
allowing for die quantity remaining in ifolutmu in the ocean, die result 
leaves us with the approximation of iiO,000,000 cubic miles of matter 
once in solution and now for the greater part existing as precipitated 

‘"Troua, Jloya\ Dal»]lii Soc^ Vol. VIU wr. 2, p. S3 et Bcq, 

*Ibkl., 11. Hid. 

*^TJie laiu of Ueocliemlstiy^ bj W% Ctarket 
^ Ibid., p. 31 
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ur jibstracti^U dejjosits at llie b^lttual of the ocean. We iire to dLs* 
Lrlbiilit this quantity over its iloor. If Ihe rnlo: of collection had 
been uniform in every part uf the ocean throughout geological time 
a tlepih of aljoat one-seveiith of a mile (540 tiietcr^) of deposit would 
cover the ocean ImjiL 

Wliile r believe wc can place considerable ndinnee on this approxl- 
tnatioin we are le^ Ssiire when we attempt an ^^btitiipte of ils mean 
radio-activity. If we aa^ujine for it iin average rnJio-activit}" ^liuilur 
to that of lUobigerina oiym^ we find that the quantity of radium 
invnlvtxl must Imj considembly over a niilbon tcais. Apart from the 
value which j^uch estimates [kishcss us presenting ns with o perspective 
view of the great pheiiomeuEi we are dealing wiili^ it will now be seen 
that it supj>orts the finding iyf tim ex|ierimeuts on sedimentary rcKiks 
and leads us to anticipate a real ililference in the radio-activity of the 
tw u cluKses uf material 

The »edimmt&r^ recks. 

Tlie mdium content of those of detrital olio meter is indicated iti 
the following siindHtoneH sdates^ nnd shales: 

HiartBTtntnw, prlta <10)--- --- 4,-4 

f^latc^ (Cauibrl40i. IHwtmlati) --—-- 4+T 

iMiiO fnini AmiiKiifl ______ .. -- --S. 2 

Some of llie alxjve arc from deep borings in Carbon if crons rocks 
(the Balfour and Bumlip and from their mitnrev where not 

uctnally of fresh-water origin, can owe little to ot^anic radio-activity- 
Jinny of the following Ixdong to the cla^ of prcvitiitates^ and there¬ 
fore owe their iiraniiiin wholly or in iiait to oceanic aourcei 


frlmlk______4+ 2 

lirtnui HaDilKlMiie_ ____ _4, fl 

OrwTi mind —— _ _ __-_4.£j 

IJmeHtfvnea aiul EU4uuiilt^ ITreiiten, CftrtwifiVferoiifV JSectkHteSn, 

IJnx (t)],™ ____ _4,1 

Keniter EJt*ffiiia__ _____ _ 

UeiaS nwrkH Fiiiuafutl tHire ____ ____ j. t 

TrlikK-Jma seiltuicnt^ Kilmplua; Sin^^inteea recka of varloua 

ctmtiietcrH _ _ _O+fj 

Mesei^ik- m?dlaieulM. St+ Ootlianl; rtwkfl of varlokia 

cMnictera _ __ __ _ £ 

The geticrtil mean on rocks h 4+7. 


Making some aUoW0[n5Q fur uneertainiies in dealing with the 
Simplon rockri^ I think the cxfierinietit may lie taken as tainting 
t o the result I 

“ For thttfM' rocks. iiti4 ffir m^wh othDr vnlnnlilu ninterlal^ I Imre ta tliiiak iSr. 
r>+ T^ile, i>f the ^H'lUtUh (k!<ili>Btcnl Htirvpr- 
^ For tlitfio 1 lanvp to tJinuk tlie tmitetai of tlip lirmHli aad Mr. A, a 

WeodttiilfiL F. R< S. 
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TgTHNiiis i*iO€!ks {mm fi to (i. 

SwJimuntLiry rockii from 4 tn 5. 

If our G^timatc of ocei^nic nuliiim Ijo appU'!d to the arcoiint of tho 
wdimentiiry rock^ in ti nitiiiiHrr whkii will Iw iincivrstrsotl from wLitt 
I have already oiuieavomJ to L'onvey% ihum will bp fooncl to exist a 
fair <if hartiiotiy the ^rroiit qiiaiktities whieh we liave 

fouml to U’ in the sediments of the ocean and the im]K>v8rialinieiLt of 
the s^aJiments whieli the experiments appear tn milicpite. 

Tn all the^se raults and unweatlipred material has heen iistnl. 

The saial of the ArEibtan desert gave luo hut 0.4. i^iniihirly low re¬ 
sults have Iwen found hy others for soils and sncli mater bis. These 
are not to lx? included when we seek the radio-aetivity of the r*K.'kEt. 

Ah reganls generally rny espcriiiients on the ntdiuni-coiifciit of the 
T ran not wiy vrlih eonfidoiun? that there is anything to iodhmte 
u definite falling off in radio-aetivUy in the more deeply sealed 
materials I have dealt with. The central St, (lothard and certain 
parts of the Deccan liave given results in favor of siecIi a decrease. 
On the other liandt us will I>e5«x‘n Inter, tlie granite at the north end 
of the St. frothurd find tim primitive gneisn of the Simfdon gliow no 
diminution. According to the view 1 have f>iit forward above us to 
the origin of the surface richness in radium, it is, T think, to be ex- 
pteeted that while the richest materials would pi’obnbly rise moat 
nearly lo the surface there might lie tHln^^idc^ablc variability'' in the 
nidio-uclivity of tho deeper [mrts of the iipi>er crust. 

uitrVsiL'.M A?in Titr isrrMiiM. iir-\T or the eartti. 

■\\liile forced to deny of the earth's Interior any sudi richness in 
radium as prevails near the surftice, the iiiferenrc that nmninm exists 
yet in sniall quantities far down in the matcrialn of ihc glolie is highly 
prohable. This vie%v is sup^iorted hy the pre^nco of radium in 
meteoric substances and hy its very probable pnesiuic^ h\ the !4Uii— 
that of nioljeuritf*^ True, (he rudio-thernial theory can not 

bo suppcft^'d tcj nceount for any great pari of &.dar heat uide.'^ we art's 
prepartnl to believe that a very large pertx^ntago of uranium cmi lx* 
prej^uit in the huh, and yet yield but fedilc K[>ectro6copic evidence of 
its e.xLstenee- Tsdeen all tc^griher, the ease stands thus as rcgsmls the 
eurlh: T\e are ussiireil of radkiini as a wudely dislrilxitcd surface 
materiah and to such ilepilia as we can jieJieLrale. By inference frtJiii 
the ijrcsence of mdiutn in meteoric substanert^s and its very' probable 
presence in the siitij from which the w hole of terrestrial stuff prol>abIy 
originated, as well as by the inhei'ent likelibofxl that every" elemeut at 
the surfiH-e is in some meftsiire distributed tht^iighoui the entii-e mass, 
w"e arrive at the conclusion that radium b indeed u uuivertial ter¬ 
restrial couslituenb 
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Tlie cle|3<^dent qu^tioD then eonfrouts us: Are vre living on u 
^vorld heated ihmiighoui bj raflio-thermul actions? Thb quesstion— 
one of the most interesting ivhich hns originated in tite discovery that 
internal atomic changes may prove ii source of heat—can only be an- 
hT^'cred (if it can be am^vered) by the facts of geological science. 

I will not stop to discuss the evidence for and ngninst a highly 
heated interior of the eartlu I aniline this heated interior the obvious 
and natural interpret a tiou of a large class of geolugjcal |jhcnomciin. 
and pEi>:s nil to consider rortain limitations to our knowledge which 
have to be recognized la^fore we are in a position to civUt on the some¬ 
what trvaeherrins ground of hypnthcfics. 

In the first plariv we iipf>eEir debarred from assuming tlnit the sur- 
fjice and wntral interior of the earlli are in thernial connect ioli^ for it 
ecems certain that, since the remote period when {probable) con¬ 
vective cfTetls ikH'ame arrested hy reason of increasing viscosity, the 
thermal relations of the surface and interior have bectmie dependent 
solely on conductivity, From this it follows if the state of matter in 
ihy interior b such us I^ord Kelvin assumed—that is that the coii- 
ductivitY mid specific iieat mtiv be inferml from the qiuilitics of the 
surface ninterinls—^we must remain in thermal isolation from tlie great 
hulk nf ilic interior for liiiiidreds of niillions of years and perliap-s 
even for iiiore than a tbonsaful luitlioii of years A-turning a dif- 
fusivity similar to Llnit of surface rwksi and starling ivith a tem- 
Ihcnitiire of 7<XK)‘^ Kelvin found that after one thiiusaiul million 
years of cooling there' wqnhl be no sensible change at n depth from thii 
surface greater than nGft miles. In short, even if this gi^at Y>eriod—■ 
far lieyoiid our t^bmatef? of gecilogical time—lia-t elapsed since the 
consistent ior stLVtus, the cooling surface has aa yet borrowed heat I nun 
only half the bulk of iho carih. 

It is possiblcn, on the other hand, that the conductivity increases 
inward, ns Profe^r I'crry has contended; and if the ccniral part:? 
are more largely nielallic this increase may lie considcniblc, Bnt w'o 
find nur^lveii here in the regions of the unknown* 

’With this iitiriiation to our knowledge, the province of geotliejmial 
Hpceiilaiion is a somewhat dishifurtcning one. Thus if with Ruthcr- 
forth who first gave ns a quantitative estimate of the kind, wo say 
that such and such a quantity of rudiimi [kt gram of the earth's muL 
would Si rve to account for the 2A^ X 10^'* calories, which, according 
to the surfiu^ gnidients, the eartli is losing per annum, wc can not lie 
taken as advancing a theory of radio-active heating, but only a sig¬ 
nificant quantitative estimate* Fur* in faett tlie heat emiUed by 
rEidifcmi in the interior niisy never have naielied the surface sinco the 
convective conditions cume to nn end. 

And hens depending upon the phytucal limitations to our knowb 
edge of the earths hilerior. a po-^ihility has to lie fpccd* Tliat 
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utuniuni b Mlirt-ly ubi^ul frum the interior iSj ua I liavo saidj in the 
ile^jfree unlikely. If it ia Qn'ti the central parts of 

the earth nm rialn^^ In temperature. This view* that the centml 
interior is rising in tuniprrsitnre, is dilKcnlt to Uispose of, altliotigh 
we eiiii adiince the evidence of certain siirfiice pbenotneiiH to ^how duat 
the rise in tefii|jEriittire during geologicHl time must be small or Its 
elffcts in some manner kept under control. In a word, whether we 
sisatinie that the wdiole heiit loaa of the earth is now l>emg made good 
|}y radio-active heating or not. avc find, on any probuhle to hie of the 
cundiJctlvUy, a c^entrnt core almost proleclcil from Iosls by the tinnmnae 
mass uf licated material interposed between it and the surface, and 
wiliiln this core very probably n eoiititmous source of lieaL It is 
hard to &et aside any uf the prembes of this orgofiient* 

We mitnnilly ask% Wliitlier tioes the condnmon lead ns? We can 
take comfort in a possible inntx^uous aiitcome. The iiranimri itself, 
however slowly its energy is given up^ is not everlasting. The decay 
of the paivnt substance is continually rediicriiig the amount of heat 
which encli year may Ije added to the earth’s central mnteriiils. And 
the restill may he tiiat the acciiinnhited heat will idlimatf^Iy pa.HS out 
at the- stir face by conductivity, during remotes fiitiii^ tunes, and no 
physical dipturhanee result. 

The j^coml Umiliition to oiir hypolhe>ies nriscs from this trnm- 
fonnation ami gratlnal dif^pja-arance of the uiimium. And this 
limitation seems as destructive of definite geothenniil theories us the 
lirsb To understaiiti its signified nee rcfpiires a little rousideratioiu 
The fraction of uranium decaying each year b vanishingly Hrmill^ 
alMiiit thr ten thousii ml-millionth part; but if the temperature of the 
piirlli h rmiirdained by iininimn and consequently iu decay involves 
the full in leii I peril lure of the whole earth j the quantity of beat escap¬ 
ing at the stirfaev attendant on the minute decrement wnuld he enor- 
motis. All analog^' may help to make this clear. CoinsiJer llie 
familiar case of o liciiler mahitnined iil a particular temperature by a 
fiirmice witliin. I^i^t the combmjtion diuiinish nnd the furnace tern- 
jjeratiire fall a little. Tlie whole inaKs of the boiler and its contents 
follow the downwanl movement of temi^rature, hecit of capacity 
escaping nt the snrface. An oliserver, only noting the out How of 
nidiated heat and unable to observe the iiilrnito drop of tempemture, 
would probably ascribe to the continued action of the furnace, heat 
which, although derived from it in the past, almnld no longer Im 
regarded as iJidic^ating the heating value of the condaistioup Magnify 
the boiler to terrestrial dijuensions; the miinileKt fall in leniperatnre 
of t!ie entire mass involves immeufte rpinritities of heat passing out at 

* Prc»f+ IIh a. >VTl>iira has lantlt a aii^KGstTve of tbe Urf^rtndl effects of 

niillljai lucbaKd to the centnU imrta of ihe corth, | Nature* Fe4i, 1003.) 
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the surface^ which no longer indicate the Eju^iiinlng rndio^hornial 
act ton within. 

It is ensY lo iicc the nwliirc of the diHiciillies in which we thus 
tK'comc inv^ilvcd* lu fact, ihc hcj^l escaping from ilip carih Is not a 
rncnsmiic of the radium in the earlti, hut niM.'C’issarUy inrlmles^ and for 
a great part may [lo^ibly be referred to^ the falling tem|jeiniliirej 
which ilic decay of the urantnm inrolvm if vre take A {the fraction 
of uranium iran-sforming each year) as approxiniately 111“^*^ mid 
a^ume for the general iiili^ of tlic earth a leaipemture of 1,500’^, ft 
specific ifceat of 03^ amL taking <1 X 10^ ns its mass in gnim^, we Imre, 
on multiplying these values together, ii Iosh in calories t>er annum of 
1.8 X I0-“. This by hypothesis c^caiics at tho surface- But the 
surface lu?s, us based on earth gruJieiits of totuiRoatureT is but 
2.0 X lO'" caloric We ore left wUh O^S X IC^^* eiilories as a tueasure 
of the niilium present- On tliii? niluwatiee our theories, in wlmtever 
form, nui.Ht he shaped. Nor docs it appear as if relief from this 
restriction am iw obtnined in any other way llnin by denying to the 
interior |>arts of the earth the iiapii^itc high thermal conductivity. 
Taking reftige in ihis^, we are, Ivowever. at once confronted with the 
jjossibiiity of iiUernal stores of iTidiuin of wliich we know nothings 
save that tiny can not, pwliahly, lie very great in ainount. In sdiort, 
i lielieve it w'itl be. iidniiiLed on full exatninalton of this fjilCHlinn that, 
while w'e very pr(>hab]y are isolatetl therjnally from u cDixsidcrahle 
part of the earth s interior, the decay of the uranium must iuiniducc 
It lurgp subtractive tx^rrectioti uj>on our estirnates of the IhnUing 
auimmts of rndiiim which might lie present in the earth. 

ihit, limilly, k there in all the^e difficiilties sufficient to lead us to 
reject the view that the present loss of enrtb heat may tse nearly or 
qtdte supplied by radium, and the future cooling of tho earth con¬ 
trolled muiiily by deeny of the umnium? 1 do not think there are 
Liny good grriumk for rejecting this view. Observe, it is tho condition 
toward which every planetary Imdy and every' solar body' containing 
i>toreJ5 of uranium must tend; and apparently must iittuiu when the 
rate of of initial stores of heat, dimiiiishing us the IhmIv grows 
colder, finally arrives at eqiiiltliriiun with Bie radio-thermal supplies^ 
This Hnnl Etate appears inevitable in every cme unless the radiu- 
active materials are so suliortlhiate that they entirely perish before 
tlie original store of heat is esliatistcd. 

Now, judging from the surface richness in radium of the earth and 
the pn^ent kiss of ferrestrial heat, it docs not seem reasouablc to 
asvsigii u sutx^rdinatc influeuce to nidio-thenual actiori^; and it appears 
not irnpridHtblc that the eurth has attained, or nearly nilainedp this 
final stage of cooling. 

Ilow, ilien* may we atipjM)^ the cjcisting thermal stale maintained t 
A uiiifomdy radJo-nrtire siirfare layer pisssessinga Ijusid tern|}enitare 
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in accorclniico with tlic mjiiireiuent^ of is, T boticve, not 

rculizabk' on tiny probnlile eKtimutv of llie al1owfcibl<!i radintii^ or on 
any concent nit ion of it ^vhkh my oivw exjjerimonts on igneous rocks 
would justify. 

But wo mny tiiko refuge in a less definite statement, and assmuo a 
distrilmlion by means of which the existing thermal state of llie crust 
limy l>e maizitiiined. A siwcially rich Hurfaee Iu 3 ''cr we must recog¬ 
nize, blit this need bo no more than a very few miles flecp; after 
which the bulonce of the radium may l>e suppi>sen] distributed to any 
depth with wiiich we are thermiilly t^nnected. Below that our 
knowletige is iiidellriite. 11 le heat onLflow at ihe surface i:^ in part 
from the surface rodimii, lii part duo to the cooling arising from the 
diininislimg amount of uranium, in part from the deep-seated radium, 
la this uianner the isogeotherms at? kept tii iheir places, and a state 
is miuiilaiiicd which b in iH|iiijibrinm with the thermal factors in¬ 
volved, bill %vhieh can not Iw cf>usidcred steudyt using the word in a 
strictly accurate sense, in view of the decay of the urnuinm. 

Bliile the existing themml stale may. T think* thus Iw uniintaiiied 
by radioactive heating a nil radio-uctive decay, we find ourselves in 
considerable difliculties if we exteml this view into the past and 
nf^umc tlnil the same could be said of any previous stage of the 
earth'^f hi^slory. If llie heat emitted by tlio curthv wdien the surface 
was at iiicUing Lem|K?rature, was iu a state of e<|uiLibriuiu with tlie 
radio-active supplies, then, at that date* tliere must have Ijcen iiiQuy 
thousands of limes the pre^mt a mount of uranium on the earth, and 
the jieriod of the coiisiKlriitini' &^twtus tnmt luj pul back hy thousiuids 
of millions of yean;* Apart from hopeless eontm diet ion with every 
geological indication as tfi llie age of the earth, didiculties in solar 
pJiysics arise* For liie suii must l>e suppoi^d of equiil dunition, and 
we ore rcqivireil to assume iiii[xisHilde iimounls of nruuium to main¬ 
tain its hciit all that great lapse of time; and again tliis uranium 
would perish at just tlte same rate as ilml wjtou the earth, so that iit 
the pi'V'seni time Ihe solar uia^ umst be, for by far the greater part, 
composed of inert materials of high atomic wciglil—thu proihicts of 
the t runs forma lions of the iimnium family* The difficulty is Ijcst 
npprceialed when wo tmnsider tliat evtai to maintain its present rate 
of heat loss by radium supplies, some tX) per cent of its mass must l>c 
rom[Kiseil of iirantnxTi. But there nre other troubles, to face if wo 
adopt tills view. Tlie eartb, or rather those parts of it wbieh are 
suflieieiitly near the surface to lose beat at the reiiiii.dLe rate, wotild 
liiive cooIcmI but 1 [>er cent in 10^ years, f^briukage of the outer parts 
and crustal Lhiekiiei® will be prcNportitinately smiall, and we must pul 
back our epochs of mountain building to suit so ^;low a rate of cuoHtig 
and shrinkage and refer tbo earlier events of the kind into a past of 
inconceivable remoteness. Otljcrwisc we must a bund on the only ten- 
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filjle thcoiy of Miountiiin formatioa with which we arc acqimljitcrL 
l>n such a time j^eale the ijccnn would be irupcr^turated under the 
influence of the prolonged denudation like the waters of certain mlt 
lakes^ anil the sediments would have acenurnilated a hnjidrtudfohl in 
thick ne>:s. 

Sor do the fiicL^ as wo know them i^uirc from us such sacriEcea- 
We are not asked to raise these' difficulties on snpjx^titious quuiitities 
of umninm for the existence of which there is no evidence. Eladiiiin 
has iHrcusioTied no f|uestinning of the older view ihot the cooling of 
the eiirth from a consisLentiiir status has been mainly controlled hy 
radiation. Eui^ on the contrat^-, this new revehition of science has 
eojiiu to smooth over what difhcnltie^ attended the rttroncilialion of 
pliy^cul and ^eokigieHl evidence on the Kelvin Jiyfwthesii^. It i?howsi 
ns how the advent of the (uTsent therniHl ^^tule might le delayed and 
geological time lengtheneLh so that Kclviifs forty or fifty i nil lion 
yeat^t might lx* reconciled with the hundred milliut:i years which some 
of tis hold to be llie reading of ^hc recortls of denudation. 

Oil thb more pticific view of the missiion of ruilium to getslogj', 
what has la-en the history of the earth? In the earlier days of the 
earths ccjoling the radiation loefes was far in excefis of the radio- 
tliernial heating* From tliLi slute by a eon t Inna I convergence, the 
rate of railiatjon loss ditijinJslijng while the fadio-thermal output 
remained 1 comparatively contitnnt, the e.\iFiling distribution of tem^ 
pemlnro near the surface haa been attaiued when the radio-thermal 
si3|i[jly may nearly or quite hahince the Iofls by radiation. The ques^ 
tion of ihe jMisKihilily of Hnal and perfetrL ctjuilibriujn between the 
two to involve the interior coiuiiietivity and in this way to 

rvnde iiualysis. 

It will be asked if the facts of mountain building and earth 
shrinkage are nuidciTd less reconcilable by ihls interference of 
uranium in the earth’s phys^ical history. 1 ixdicve the nn&wcr will bes 
in die negative. True, the gi^eatcst development of crustal writiklitig 
must have occurred in earlier timcFC This mUi^l be so, in ^5^>mc degree, 
on any hypothesis. The total shrinkage is, how^ever, Tiot the lesg 
becfliisa delayed by radio-Uiurmal actions^ and it b not hard to point 
to fiirtohi wdiidi will attend the more recent upraising of mountain 
chains tending to make them excel in magnitude those uiisbig from 
the stresses in an earlier and thinner crusts 

i; s lima sbou njj tkm fos atu ee. 

It woiiLI be a matter of the highpst if we coulti definitely 

contiMt the rise of temperuturp whicb is observed in deep borings and 
tunnels with the rudio-udivily of the rooks. We are coiifiunted, 
however, by the diJfioulty iLnt our deepest boringg and tunnels are 
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still too nenr the surface to enable us to pronounce -wiih crertamiy on 
the influciice of the iwlititu met witli in the rotrks. This will be under- 
stood when it is remembered tlint n merely Incal increase of radio¬ 
activity must have but little effect iifwn the temiwrature unless the 
increase was of a very high order indeed, A clear nndeivtanding of 
this point shows us at once how improbable it is that volcnnk teni- 
|>cratures can be hvought within a very few milon of the surface liy 
local radio-activity of tlie rocks. To account on such principles for 
an elevation of tcniiH?rtiture of. say, 1^00'' at a ilcptli of three or four 
miles from the surface, a richness^ in radium must be asnimed far 
transcending anything yet met with in considerable nvk masses; and, 
therefore, we can hardly suppose local rndio-BctivUy of the upper 
crust responsible for volcanic phenomena. 

"When we come apply caleulntion to results on the rudifi-activity 
of the materiaU peiielmteil by tunnels and Ijorings, we at onw hud 
that we rccpiirc to know the extension downward of the mcks we are 
dealing with before wc can be sura that radium will account for the 
thermal [)lienomeiia observed. At any level between the surface and 
the hose of u layer of raclio-active materials—suppose the level con¬ 
sidered is that of a tunnel—the Icmpemtnre depends, so far as it is 
due to local radium, on the total depth of the rock mass having the 
observed radio-activity. This is evident. It will bo found that for 
ordinary valiica of the radium content it is requisite to suppose the 
rocks exlesidiiig ^ownw'ard some few kilometers in order to account 
for ti few' degrees in temperature at the level under observation. 
There is, of course, every jirolKibility of siidi n downwiml extcnsicni. 
Thus in the case of the Simplon massif the downward continuance of 
the gncissic rocks to sonic few kilometers evokes no difficnlties. The 
same nmy U' -said of the granito of the Kinsteraarhorn massif and the 
gneisses of the St. Gotherd massif, materials Imth of w’hldi ara jjene- 
trated by the St. Gothnrd Tunnel, and which appear to po-ssess a 
considerable difference in radio-activity. In dealing with this sub¬ 
ject, comparison of the rcHulLs obtained at one locality with those nb- 
tiiincd at another is the safest pi'occdure. \Vc must accordingly wail 
for an increased number of resjuUs before mudi can l>c inferred. T 
will now lay the cases of the tvro great tunnda as briefly as possible 
before you. 

And first ns to the temperature effects observed in the two eases. 

Thi! Simplon Tunnel for a length of some 7 or 8 kiloinelers lies at 
a niean distance of nl>out I,TOO meters from the surface. At the 
northerly end of this Ktretch the nick temperature attains W” and at 
the southern estreniity has fallen to almut 35®. The temperature of 
.'55* is the hightst encountered, Tlic maximum predict chI by Stapff, 
basing his esiiinates on his exjjeriencc of the St. Got hard Tuiincl, w'as 
47®. Other authorities in every case {iredicted cotisiderably lower 
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tcmpprutiires. Stocknlper, who also had experience of the St. 
(intlinrd. pmlicted 30’“ at a depth of 2,050 meters from tlie stirfflee, 
and llcim 33* to 39*,* 

When the uiiexpccledlT high temperatures were met with, various 
reasons were assigned. Mr. Fox has suggested volcaide heiih Othcra 
point to the arrangement of the sctilstosity and the dryness of the 
rocks, where ihe highest tenipcnilures were read. The latter is evi¬ 
dently to be regarded more as explanation of tho lower lenipeimturea 
(it the souUi eiid of the tuiiiiel, where the water circulation was con¬ 
siderable, than of the higli tetiipurnturcs of the northern end. The 
RchistosUy mn 3 ' have some influence in bringing the isogeotlicmis 
nearer to the surface; however, not only are the rocks Jnten.scly com¬ 
pact in every directloOi but whnt rehistosity tlierc is by no means 
inclines in the best directions for ruterition of heat. From the sec¬ 
tions the schistosily appears generally to point upward at o steep 
angle with the tunnel axis).*’ 

Where there is such variability in the temperatures, irrespective of 
the depth of overlj'ing rock, there is difTicnlty in assignijig any aig- 
iijfu-uiit mean gradient. Tlie iiighest readings are oiiviouflly those 
least aire(!tc<l by the remarkable water circulation of the Italian side. 
The higher temperatures afford such gradients as would Iw met in 
borings made ou tlic level—abotit 31 meters per degree. 

The temperatures read in the St. Goihard rocks were of a most 
remarkable character. For the central ports of the tunnel the gradi¬ 
ents come out as meters per degree, Stnpff, who niado these 
observations and conducted the geological iiiv«fligations, took par¬ 
ticular pains to ascertain the true Hurfacc temperatures of the rock 
sItov'o the timnel, nnd from there nscertiiiiicd tempo rut tirest, tlie tem¬ 
po nit nres in the tunnel rock and the overlying- height of nioiintaui, he 
ea leu la ted the giiulients. 

Hut this low gradient is by no meuna the mean gradient. .Vt the 
north end, where the tunnel pa^^^es Ihrotigh the gninite of the Fin- 
stcpaurlioni massif, tiiere n? a rise in the temperature of the reck sulh- 
ciont to steepen the gnnltvnt to 20.9 meters jHir degree. Slapff re¬ 
garded this incnl rise of temperature as iiniictmutitable, save on the 
view tluit the granite retained part of iho original heat. This matter 
I will preHidtly return to. 

Now, )i is a fact that the radium content of the Simplon roek^ 
after some aliowaiice for what I have referred to as sporadic radium, 
stands higher than is alTorded hy the rocks in the ecnlral scirtion of 
the St. Got hard, where the gradient is low. For tlic Simplon the 

<•&?(! tbv rtpcoiiiil Biven bj- Rcbanlt, VrTliiimll, fSclinelM<rEscbfii Maturf. 
(H-edlscli. iriot, vel, ST, “ Jnbresvgfsajuwliuift’" p. aM ei su<^, 
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f^^noral maiu is (on my esperinieiits) T*1 milUnii millioDltis of a gram 
\^T gram* This mean is well distributed^ as; follows: 

rtiitl Triniste nDemI ?»eiltnipBts„„^—-.— -- 0.4 

Ury^hillLae iseLlBts^ [iarlly JiiniiFsfe umO TriuKsic* iJartly AretweaUw 7^ 

Jlontc ifueSi?!* luid primitive ---6.3 

SctilPtnsse (a foM from licae^itli)— --- 0-5 

i^ntli74irlii iftiulsa----—---<j-S 

The divisionnl nrnnigement is Pi^^fcsisir Sehanll's- Forty-nine 
typienl roc;lvs are used in ohtaining these resuU^^ and the experiments 
have been in many cases reiwatcd on duplicate Epecjmcns. Ineliiding 
some verj' esceplional re^ltSj the means would rise to A X 10"*' 
grams jjer gram. 

Of the Sl Oothnrd rocks I hare examined 51 speeimons^ aelocted to 
U?T attainahk, repn&^niative.” 

Of these, 21 nre from the central region^ and their mean radium 
content is jiist 3.3. The portion of the tunnel from wliicb these rods 
come is closely coincident wUh Stapff^s thermal sulKUrision of regions 
of low temjiertitnre.'i^ Tins [lortion of the mountain oifera the most 
definite conditions for coniparisuii with the 8im]don results. The 
region south of this is affecteil by water drcidation; the regions to the 
[inrtb are afTected by the liigh tempenilure of the granite- 

We see, ihcnn, that the most dehnite data at mir disposal in compar¬ 
ing the conditions as regards tempenttnfe and riidio-thermal iiciions 
in the two timiiek iippeur to show thaL the steei>er gradient b iisao- 
dated with the greater rfidiuni cgiitent- 

It is po^jsible to lurive at on estimate of the clowniivartl extension of 
the two mrk masses (assumcil to maintahi to the same depth tlieir 
ol:)^icrved rudio-oetivity which would iiccount for the ditTemice in 
gnnlieut- In making this estimate, we tlo riiJt assiinie that the ejitirt:- 
heat finw' indicated by the gradients k duo to radiuLii^ hut that the 
difference in radium content is responHiblc for the difference of heat 
ttow. If ?KUne of the heal is cnmhictcil from an interior sourc^e (of 
whatever origiii). we assume ihut thb m alike In btjLh ca.^^ liVe also 
the eimductivities alike. 

Calculating on this bask, the dcjiilt wjiiired to establish on the 
ntdiimi racsisurenients the obiterved difference in gradients of the Cen¬ 
tral St- Got hard and of the t^iniplon, we iiud the depth to Ire uljoiit 7 
kilometers tm the low mean of tlie Simplon rocks and 5 kilometers oti 
the high mean- Tber<'! as 1 have airpiidy said, nothing imprtjbuble 
in sucli a downward cxtcnhion of |primitive rocks having tlie radio- 

“1 would like to esfsn^ liere my to llip mislee* of tbe 

Itrltiisb for pn^nttnp; me [n^railsKlmi to aja> ctdjac of tlie rpiekH In UieLr 

liosse^lon^ nUiJ e5iH?e[ttlly to Prior fur Ills valuatite assistance lu selL'clkni^ 
tlie epecimen^- 

^ Trans. Nortti of Ea^ad MLd. and Mecb. Eng., VoL XXXtlt, p. 25. 
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olis^rvetl; but liS A dilTcrent dLstribution of rmHtini may, of 
cptiive, obtain Iwloiv qur point of obiterion» tlit! ro^iiik can only 
claiiri to lx? snggesftive. 

Turning -slwrislly to tbe St. (TOtbnrdi wo find that n tempcniturti 
probloiik of mndi interest nrisos from tho facts rpcni'deil. Tho noith 
end of the tiiTinol for u distonoo of 2 kilometers traverso-s the granite 
of the Firiiileriiarliom massif. It tUon oriter>i tho infoldtH:! syncline of 
the IVornmiihlo and Ira versos altered sofliiuonts of Trias-J 111*11 age for 
a db-tiini.'e of aliotLl 2 kiionieterri. AfLer this it enters the ernshed and 
nirtatiioiphosed roeks of tbe St. Gotbattl massif, and remains in these 
rocks for 7 | kilometers. The hi^it i-eciioji is rim throngli tbe Tri^i?in- 
jiiiilde for 3 kilometers- These KK^ks are highly iilteixMl ile?;ozojc 
sediments. 

I have already quoted Btaptfs oteervntions as to the variations nf 
grailient in the northern* eeotmL and soutliem parts of the tunnel, 
lie writes: *'^They Iscjtlierais) show irregiilaritica on tbe soutli 
side, whieli cleutly defends on eold springs ? they iMmd down rnpiflly, 
anti I hen nm smtHJtUly inclined lieneatb the water-tllled seeiion uf tlia 
moimtLiin. Other Icn-al irregularities vnn lie explained iiy ilic tleeoin- 
position of the n>t:k; but there is no obvinns oxplaiiatiDn of the rapid 
mrrease in the gmnite rocks at the northern end of the tunnel (2,000 
meters), and it h probably to lie attributed to the iiifliienee of differ¬ 
ent thermal qualities of tlie rock on the roeflkieiit of increa.ne. For the 
rej?t the^ 2*000 meters of granite Iwlong to the massif <kf the Finste- 
raurhorn, and, geologtcally speaking, they do not share in the com- 
position of the Pt. Onthard. Perhaps these two niussifs Ixdong to 
different geological ptTiwLs (as support for gaol ogival i-eati^ins hiiig 
ago). What wonder, then, if one of them l>e cooler than the other.'’ 
(Loc. dt., p. 30.) 

Commenting on Ihe explanation here offered by Staplf, Ih'i'^ttrich ^ 
states his preference for the view that tlie excess o.f temperature in tbe 
granite is due to inecljanivul actions to which the granite was exposed 
during the upheaval of this region of the j\ Ips, 

The Jiccoiiipanying diagram shows the distribution of ternpenitline 
as given by SUiplT, and the distribution of nidiiini as foiinfl fi'om 
typical Hpeciniens of the nx?ks. There is a corit^pnndeiice lietween the 
two wliidi Ls obvious, and when it is reniemliered lluiL tlie increase in 
rad in-activity shown at the south end would have iwen* according to 
Stapff, inusked b_v water eircuJutiou, ilia cnrrt“spoiidcnc?e IxHSjmes tho 
more striking. The small radium values in the central parts of the 
tunnel are i-emarbiblc. The rockb? of the (-entral St. Got hard massif 
arc apparciuly exceptinnally ]Mior In radium* 

At the north end the excess of rtidkiim is almost conlined to tbe 
granite, tbe rock to which Stapff ascril>ed the exceptional lemisem- 


* Proe. lEoy* Soc.* Vol. XLb I*. 44. 
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tures. The radiiim of tlie tlsernmulde is prol:uihJy not veiy importiint* 
seeing that these swliments can not extend far downward. The prin- 
oipid hxinl sourt'e «f benst apjMMtrs JociLted moie esj^ecially beneath the 
s>Ticlina] fold, for StapfT's table (loc. oiL* p. 31) of the gi'adients 
Ixnieath tho plain of Andenruitt shows a rlining gradient to a point 
about 3*500 meters from the north entnmri? of the tunneh It b 
observable that the radio-activity of the gninite increases as it ap¬ 
proaches llie tTsenimuldc and attains its inaximuni (14.1) where it 
dips l^eneath the syiidine* 

The means of raditim content in the serera] geidrigica! sections into 


which the course of the tunnel is divisible are as follows: 

<«miitti^ of Ktntrtcraarhom-^ _ _ _ "^7 

Usernniiittle_ ____ 

St. I'lOtlkinJ niasal-f _ _ _ 3^ 0 

TcRaltLinulJe™™^^ _____ 3. 1 


vent 1^1 sec I i on H how^ever, if considered without refei'enee to 
gmlogieid deniaixiitions* wniild^ tis already iil^served,. come out as 
hai'ely 3.3. An«l this is the value qf the radio-activity most nearly 
a[ip1ieahje In ^taplTs thermal subdivision of the iTgioii of low tern- 
l>eratijre. 

If we accept the higher miding?i ubtaincKl in the granite as iiuUea- 
tjve of (he radio-active state of this rock Ik^nealh the Useminuldc^ a 
salisfuetofj^ CKplanaLion of the diffeivnee of heiit ilovf from Llie c!i>n- 
tnd and northern parts of the tmmel is obiaineiri. Using the differ¬ 
ence of gradient as basis qf eakuktion. as Ijefore* wc find that a 
downwanl extension of about (hOOff tueters would, if the outflow- took 
plac^ in an approximately vertical direct inn, account for the facts 
ol:j^5erved by Stapif. This depth is in agreement with the nesnlt as to 
the downward extension of the Sh fioihard rocks as derived from the 
cx»mparison with the Simplon mckSi 

Wo are by ncs means in a positiqn to found dogmatic ctmclusions on 
sucli results i they cun only be regunied as encouragcmetit to pursue 
the mutter ftirthcr.. The coinciciencv must, he mnarkable, however, 
w-hich thus similarly localisses radium and tempemiure in roughly 
proportional amotmL^s and permits us, witliout undue assumptions, to 
explain such reinurkablo differences of gradient. There is much work 
to lie done in this direction, for well-knoT.vn caaes exist where excflj>- 
tional gradients in deep iMjriiigH have been encountered~esccptioiml 
Jboth as regards excess and defieieucy. 

aAoin-AOTVK axd the tnstabilitv or the rfittsT* 

At the meeting of the British oJs'wiation held last year at Leicester 
I read a note on the thermal effects which might lie expected to arise 
at the base qf a sedimentary accumtilation of great thickness duo to 
tlic contained radium. 


Sft2fie—10OS-25 
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The hitloiy of mountain building has repeated itself many times; 
age=3 of ae^Iinientation^ witli ftUendant sinking of tlio cnxst m the area 
of deposition* then upheaval* folding up of the great lieds of sedi¬ 
ment, and even their overthrtjsfiiig for many miles. *So that the 
mountain I'angea of the ^vorhl itre not constituted from materials 
rising from Ijclow^ save in so far ns these may form a sustaining i:oa^ 
but of the slowly accumulating deposits of tho ages precctUiig tlie 
upheiivul. 

The thicknesrs of collected stdimeiits involved in these great events 
is enorinousH, and aUhotigh uticerlaiiity often attend.^ the estimation 
of the aggregate deptlis of SLdimentationf yet wheji we consider (iuit 
nil eon foniai lies t>etween the depoiiits of sncceediiig enin repiicseJit the 
removal of vnstninsses of seilinieiit to frtdi areas of deposition, and 
often in such n way as to lead to on nnclcresdnnite of the thickness 
of depositj the obst’^rviiitons of the getilogist may well indicate the 
minor and not the major limit. W itness tho^ mighty layers of the 
Iluroninn,, Anhuikean, and Kewceniiwan ages, where deposits meas^ 
nref] in miles of thickness are succecdeil by unrecorded intervals of 
tiiiie^ ill which we know with certainty that the tireless forces of 
deniidatiun lalx>reJ to undo their former work. Eadi v.m it^preftcnts 
11 slow and measured pnlse in the curtli s crush as if ihe overloailing 
and sinking of the surface materials induceil the very conditions 
rwjuiml for iheir redevation* Such events, even in limes when the 
cnist wasi ihiiiner and more readily di5tiirl>ed tha:i it is now* must 
have taken vast periods of lime. The iinconfomiity nmy rejiresent 
as long a i>eriod as that of aecumnlation^ In these Proterozoic areas 
of America* as elsewhere on the globe and throughout the whole of 
geological history, there has i>een a sticccssion in time of fohlings of 
the entst always so located as to uplift the arena iti .sedimentation, 
ilu^ upheavals being sundered by long interiiilB} during whidi the 
.site of ^^dimeiriatioji was transferred and preparation matl« for an¬ 
other era nf ili^turbanee. However long deferred^ there to be 

only llie one and inevitable endings indncing a rliythrnic and nmnoto- 
nons repetition surely indicative of some cause of instability attend¬ 
ing the events of depositiom 
Tlie facts have been impressiveU- .stated by Dana t 

A iiiotmtata ranj*^ nf the et^iiLiiJou type, like Hint u* %iliScli the ApifcaSachtana 
lielouj?. Is jiLnilE' utit of tUc flecUiiiiemfiiy fftrmntlimrt of a tOfijr-preeeaifiB eoi: 
LtHiLM tbiit wen? UilU Unwa iwnmniiEitUjr qdO la nnlU tnev linU rniflted 

the ueefleO tierls ppreatUiijt iwer a roj^lnu tehn of tliounaiiiiif of 

uiUeti Ktk Tlie tej^loci fi^ er tiVliU-b wdlmeoljiry fornuitlonn were Id 

lu onler to nmke, flnnUy, Hie A[?pirLK-ianii Jtiiiifie irnched from Xew' York to Aln- 
iKiDin fliiEi biiu a breflflilj fjf 100 tci mUem aeo tlw pile? of luiplsimial ImhIji 
ailonpr iLe middle wrf 4l>.£Xja fivt En deidlL Tlie pllo ftir Ihe W^tiHalcIi .\Iip 0 D' 
inlDB witM l50,aiKP fert thiek* nceunllai^ to Kins?. The hc?Us for the A|Ji»l]itftLlflii}i 
were uot laid down In a deep ocMistu. bat In idiallow walors, where n i^rtiduiil 
sohiddeuce la process j and they at lastt wlam ready Cor ibu irenqiaid^ lay 
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la Ik immh 40.000 foet ailing tlio (ntqeH ta tJn_^ It Uina npiH'ura 

tMi ejioclks nf mouainb irmklcg dcearred only nftnr lon^; lalan^iilH of 

^ulni In tbe hlatory of n cantlnniit. 

The goueraUy observed fiict tbiit. tlie deposition of sedinientfi in 
sotiip mnnoer iiiroJ%'e^ their ultimote iiplie:ivftl has ut varioiiB timea 
lod to oxpianationG lieiog offered. I think I am safe in saying that 
atthongh the priimiry fnetor. the eoni[)ressivie stresa in n crust wJiich 
has i-eased to fit the ahrlnking world within it, has probably hceii 
Hwrectly inferred, no satisfactory exphination of the conned ion lie- 
tween sedimentation and tiphiravat hits licen itdTan(s?€i, The mere 
sldfling upward of tlie isogeotlicrms into llic depositi^, advanced as 
a source of Iwal loss of rigidity by Babbage and Ilerschel, need not 
involve any sndi loss so long as the original distance of the isogeu- 
tlieniis from the surface ia prtswrved. 

We sre in every case that only after great thicknesses of sediments 
have accumulated is the upheaval brought about. This is a feature 
wliidi must enter a.H an essential condition into whatever explanations 
we pru{>oiio to offer. 

hollowing lip the idCH that the souglit-for instability ia referable 
to radio-tlii-rinal actions, we will now endeavor to form some approxi¬ 
mate intimate of the rise of tempenituro which will lie brought about 
at the base of sndi great sedimentary accimiulations as have gone 
toward mountain building, due to tJie radium dbuributed throughout 
the materials. 

The teniperaturc at the base of a feebly raflio-active layer, such as 
an accimmlation of sediments, is defined in part by radioactive eii- 
vrg 3 , in part by its position relutivc to tlic normal isogeoUierms, 
whether these latter iiic in turn due to or infltimiccd by radio-thermal 
supplies or noL It is convenient and, [ think, nllowahle to cunsider 
these two effect separately mid deid with them ns if thev were irnie- 
pendeut. the resnUont slate l»ing obtained hy their summation. 

In dealing willi the iLw of lempenitnre at the liase of a nidio-nctire 
layer we arrive at an e.xpression which involves tlic square of the 
depth. Tills in a very impiirtant feature in the investigwtion, and 
leads to tlic result that for a (jnveii amount of indium diffuse dis¬ 
tribution throngli a giuat depth of deposit gives rise to a higher basal 
iemiwiiiturc than o niore concentrated distribution in a sluilloww 
layer. 

But this will not give us the whole effect of such a deposit. An¬ 
other and an important factor has to tie taken into account. We 
have seen that the miine<nate surface rocks are of such richness in 
radium as to preclude the idea tlmt a similar richness can extend many 

miles imvurJ. 

Xow, it 13 upon ihh Sfiiirfucc k}Tr thut the ssediments are piletl, imd 

tliey grow in ihirknesa Hus original Juver is ^Irpresseil rleeiHT nnd 
deeper^ yielditig under the load, until at length it is buried to the full 
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deptli of the overlying depos^it. slow and meusurcd proce^ is 

attended by remarkable theitrial effecLs, The law of tlie increasw of 
temperature with the square of the depth comes in. atid we have lo 
consider the temperature effect not merely at the hnse of the deposited 
layer, but that due to the depression and covering over of the radiinn- 
rich materials upon ^vhich the sediments were laid down. 

The table which follows embodic 3 » an approximate statement of the 
thermal results of various depths of deposit supposetl to collect iiiuler 
conditions of eruetal temperature such as prevail m this pre^nt 
epoch of geological history: 


Ttikknm 

CrfMdlnULEH 

h16- 

P«lt. 

HnaEMnir 
rfcfii ci^l50^ 
^tluiTQi. 

w'feiiicEtiade 
ifCwth'i 
rplill u da- 
hy tbi 
riaa artbn 
fet 

4oldloaw|i^ 

ikllfimitfiv. 

VacBi^fra. 

iraDHabn- 


1 T*4 

' -101032.4 

i * 

ia? 

40 tats. S 


1^3 

4£lta3^T i 

IS 

ifl.r 

40t«S3.3 ' 

14 

ai4 

4CltQJV,d 1 


I have deferred to the (conclusion of this address an account of the 
steps followed in olitaiuiTig the above results- It is clearly i in possible 
within the limited time allotted to me to make these quite clear* It 
miiHt suffice hero merely to explain llic significance of the dgiirei** 

The first- column gives the depth nf sedimentary deposit supposed to 
be laid down on the normal radio-active upper crust of a certain as¬ 
sumed thickne^ and nidio-activity. From the rise of temperature 
which oecim at the l>ase of this cnuit (due t-o the mdio-activjty^ not 
only of the crusty but of the seditnonts) the rc^njlts of the second col¬ 
umn are dedncecL the gradient or slope of temperature prevailing 
beneath being derived from the existing surface gradients corrected 
for the cffccta of the radio-thermal layer* The third column is in¬ 
tended tcj exhibit the effect of this shift of the geoiliernis in reducing 
tlie strength of ttie crust. I ug^ime that at a temperature of ^00“^ 
the deep-i^ted materials lose rigidity under long-continued stress 
Tlie estimated depth of thb geothemi is, on the assumptions, alKiut 
40 kilmneterH. The upward shift of this geotherm shouts the loss of 
strength. Thus in the case of a sedimentary accumulation of 10 kilo¬ 
meters the geotherm defining the base of the rigid crust shifts up¬ 
ward by IS kilometers* so that there is u loss of effective s^^tion to 
the amount of SO j>er cent.® 


A^^jiendtE n te article. 
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As ngtii’ds the clulniij which surh fiptjrcs have upon our ccHL^ideru- 
tion, my aj^umplloiifi as to thickness and mdichactivity of the spe- 
diilly rich surface layer are doubtless ciipaMe of conshlemble iimend- 
meot. It will be found, however, that the astcumed factors may be 
supposed to vary coindderably, and yet the final n^ults pmve such ns, 
I believe, can not Im? ignonul. Indeed those who ate in the way of 
making such calculations, nnd wlin enter into the question, will find 
that uiy ui^sumptious are not specially favorable, but are, in fact, 
made on quite independent jjivunds. Again, ft certain class of elfects 
has been entirely left out of account, eirccts which will go toward 
enhancing, and in some cftscs groatly enhancing, iJjo nidio-thormal 
activity. 1 refer to the thickening of the crust urising from tangen¬ 
tial pressure, and, at a later stage, the piling up and overthrusting 
of mountain-buildiiig nniterials. In such cases the temperature of 
tlie deeper parts of the thiekened mass must still further rise under 
tJu* influence of the contained radium. Thesje elTects only take jrlace, 
indeed, after yielding ha.*! commenced, but they add to the element of 
iiistaiiility wliidi the presence of the accuinnhito<] mdio-activo de¬ 
posits occasions, and doubtless iticratse themial metamorphic actions 
in the deeper sedimeuts and result in the refuidon of rocks in the 
upper part of the crust.* 

The etfcct of aceuiuuluted sediment thus nGcc.sKarily a reduction 
in the thickness of that part of the np[icr crust which "is capable of 
resisting a compressive stress. Over the area of seilimentation, and 
more esimcially along the deepest line of synclinnl depression, the 
crust of (he gloin? for a period assumes the pmperties belonging to an 
earlier agi^, yielding up some of the rii^dity which was the slow in- 
hentance of secular cooling. Along this area of weakness—from its 
mode of formation generaily much elongated in form—the stressed 
crust for many huiidreds, perha ]>3 thousands, of miles finds relief, and 
flexure takes place in the only possible dimdion—that is, on (he whole 
upw'artl. In this way the prolonged nriticlinc Iwaring upward on its 
cn-st the whole muss of deposits is formed, and bo are Iwrne the moun¬ 
tain ruuges in all their diversity of form and structure. 

We have in these effects an intervention of radium in the dynamics 
of the earth s crust, which must have influenced the entire history uf 
our g|olx\ and which, I Iwlieve, iitfords a key U* the instability of the 
crusty for after the events of mountain building are aeconipiisheil, 
stability is not attained, but in ptvsence of the forces of denudation 
the whole Beipicncfl of events has to commence over again. Every 

« I ■ref. C. Scboililt (Basel) Iuib rerpnUy sItto rpasons for itte vlea' Uuit Uio 

MesoKolc KliiBiB of tiK, ^Hx^Aou Ot the twrlial of tlielr fiitdltia wery tirctiably 
frtna tri,(KiO In iSi.OOO metera beiicatli ttip surfncc (fJc, Qmt. Uetveiia:, VoJ. ix, 

■). |>. tWi). Ak JiantliHir conakler tlie couuirviisloii of tbo Laraiulitc 

niiJKC ItluwinD. IluiL Oiul Sac. Jfflcr., VoL XII, ii. ST>. 
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fresh ncccssion of snow to tho firn, every passing cloud cotiLribnting 
its fiuioU addition to the torrent, assists to spread out once more on the 
floor of the ocean the heat-|iroducing Bubsi ance* Wiih this rhythmic 
succession of evimts appear bound up those positive or negative move¬ 
ments of the strand which cover and uncover the continents^ and ha ve 
swayed the entire course of evolution of terrestriaLl life. 

Ocf^anh deposits* 

Tiie displflcements of the ernst which we have Ix^n con^iidering nno 
now known to be by no means confined to the oceanic marginEi The 
evidence seems conclusive that long-continued movements have been 
in progrof^ over certain urens of the sea fliK>r^ attended with the for¬ 
mation i}( those tiiiuierous volcanic cones upon wliicli the coral island 
finds fouiLdutiun. Here there are plainly revealed signs of instability 
and yielding of the crust (althougli^ perhaps^ of minor Jiiteusity) such 
as are u^miated with tlie greater niovements which terminate in 
mountain building. 1 think it wdll be found, when the facts are con- 
siderwl, tliat we Iiave hei'e phenomena continuous with those already 
dealt withj and although the conditional element of a giifticient sedi¬ 
mentary iLCCumulation must remain speculath tj the evidence we pos¬ 
sess is in favor of its existence* 

One of the most interesting oubilanding problems of deep-^^rt 
physiography is that of the rates of uccunmlatiun of the several sorts 
of deposit- III the cose of tlie more rapidly eollecting secliments 
tlicre to l:ie no serious reai^n why the matter should not be desiU 
with observatiouidly, I hope it may be accomplished in our time. 
For my present purp<jj^e I oliould like to know whiit may nr may not 
1)0 assuTned in discussing the acciunulaticm of mdichactive sediment? 
on the ocean floor. 

As regard.? the rate of collection of the nont^lcareous deposits, the 
nearest approach to an estimate h, T thmk, to be obtained from ibe 
exposed oceanic dcimsit^ of Barbados. In tlie well-known paper of 
fbikea Brown and Harrison* on the geology of that island, it is shown 
that the sVIiceou? radiolarian eartlis and reel da vs aggj-egnte to a 
thickness of about 300 feet. Theiso materials are true oceanic deposits^ 
devoid of terrigenous sid^slances. Tliey collected very prcdiubly dur^ 
ing Pliocene and, perhaps, part of Pleistocene lime?, Xow there is 
evidence to lead tis lo dale the beginning of the Pliocene as aiij, thing 
from one million to three million years aga The mean of those estb 
mates gives a rate of collection of 5 millimeters in a century, lids 
sounds a very alow rate of growtiu but it is too fast to be assumed for 
such deiKisit? gimeralty- More recent obscrvatiouH might, indeed;, 
lead ns to lengthen tho period ossigniH^l to the deposititm of these 


■ QuorL jQiinu C>i5oL Swl, VoJ, XLVlrt, p, 210. 
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(letfimic l>ecis; for if, followiii^ Profi'^sor Speriror^* we n^ribe tlieir 
clepo?^ition to Eoeeue times, a less ilofiiiite tinio intcnraJ is indicated; 
but the rate cotilr] hartilv have l>een less than S nullinieters in ii cen- 
lury^ Tlw Bite of the deposit was probably favorable to nipid 
jpjrowtln 

We have already found a maximum liniit to the average tliickne^ 
of true oceanic eedkuents, and such asf would obtiiin over the ocean 
[ItMsr if tlio rate of iToUcction waB everywhere the same and liatl so eon- 
tinned iliiriiig the ppifL If there is one thing certain, however, it is 
that die rates of aeciimulation vary cnonnously. Tlie 1*!^00 or l.rjOO 
fot of chalk in the British Cretaceous, collected in one relatively 
brief [Kwiod of snbrnergetire, would alone establish this. Husky 
inferred that the chalk collected at the rate of 1 inch in a year* 
SoUus showed that the rate ^vas prtjbably 1 inch in forty yean^ 
Sir plohn l!nrriiy Iihs advanced evidence that in parts of the Atlantic 
the C4ibies Ijecoriie covered wdth t^lobigeriiia onze at the rate of about 
10 inches in a ceiUnry* Finally, then, we must take it that the fair 
allnwiince of oiie-s4»venlh of a mile may !>e wulhlidd in some areas 
and many times exreeiled in others. 

Now, it rcmnrkiibit tjiiit nil the conditions for rapid rlciKusitiou 
Aec!iu to pri'vnit over thoi^ vakaiiJc arpas of the Pneifle from ivluch 
micend to ik' siirfitce the corn I t.'lnnds — abundant iiehi^ic life niid 
cornjKinilively almllow depths. IndtHHl, I may remind t'Oii that the 
very favonihb nature of tlie conditions enter into the well-known 
theory of eoral-Ldand formation put fc)rwijrd by Jliirmy, 

The inlands arifse from depths of bi'tween 1,000 mid *2,000 fathono:. 
Theso areas arc covered with filobifferinn ooze having h radio-activity 
of ulxiiit T or 8, The deeper-lyiiig deposihi nrijiiud—red clay and 
mdioiarian (xisso—«iiow radio-activities up to ivnd over 50. From 
thene no volotinic islaniLi spring. 

These furi.s, however, so far from being oppe^sed to the view that 
the radio-activity and crustal disturbance are connected, arc in its 
favor* For while those rich areas testify to the supply of radio- 
activc rnnterials, tlio slow rate of growth prevailing depriv^a; tiiose 
deposits of that cl lu met eristic depth which, if I may put it so, is of 
more consequem^e than a high radio-activity. For the rise in tem- 
I^rature at the biise of n de|iosit. as already pointwl out, is projnm- 
lional to the H|iiarL- of tlie thickness. In reality the dilution of the 
supplies of iiraniuiu which rencii tiie calcareous oozes flooring the 
<listurtN'd nri.*as is a necessary condition for miy elfective cadio- 
lliennal actions. 

It might appear futile to consider ttie matter any closer where so 
little is known. H«t in order to give an idea of the quantities in- 
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volr«] I may stjite tlmt, if my CAtciilationfi aro correct, ii mie of tiep- 
ofiition compamble with that of the clialk prevailing for ten nullion 
years ttoiiltl, un ussiiniptiom^ fiimilur to llnise aln=?ady explained when 
discusz^ing the j^uhject of mountaiti bniliiing^ occasion a rise of the 
deeper isogeotherms by from 20 to 30 |M>r cent of their probable 
normal depth. 

In making these deductions as to the influence of radinni in secii- 
nientary deposits 1 have so for left out of consideration the question 
of the time which must elapse in order that the tinal teinperature- 
riso ill the sediuieni^ must be Littiiineil, The que^iun wi^ liave to 
answer is: IVill the rate of rise of temperature due to riidintu keep 
pare with the rate of dep<ifiition, or must a certain iseric^l ehijjse after 
the sedimentation is i^impkted to any particular depth l>efnrc the 
basal tempemturt' pnqier to the depth Is attained'? 

The aUi^wer nppears to be, on an ajiproxiimite method of sohitinn, 
that for rates of de|Xw^ition siieh as wo l>c]ieve to prevail in terrigemius 
dejwsits—ovon so great m I fnot in n centiini"^ and up to depths of 
accumulation of 10 kitonieters and evcai nion^—the heating waits on 
the seilimentation. Or^ in other words, there is thermal pquiUhrium 
at every Htage of growth of tlie fleposit; and the hat^il ti'm|HTature 
due to rniJio-active lieEiting may al any instant be computed by the 
eonductivily expiation. For aecumuliition.s of still greater magnitude 
the fiiiul and niaximuru temperattire appears to tug isomewliat behind 
the i^iite of depositions 

From this we may infer tluit the gi^at events of geological history* 
have priiniirily waited upon tlie rates of denudation and sediiiienla- 
tion. Tlie sites of the terrigenous deposits and the margiiml oceanic 
prct'ipitates have many times been eoiivul^d during gt^ohigicul liiiie 
because the rateft of acciunnbtion thereon have lieen mpid^ The com¬ 
parative tniiu|uUUty of the ewan floor far removed from tlie land 
may be referred to the a1>sence of the inciting cause nf disUirhance. 
If, hoiveier, favorable eonditions prevail for such a tierind that the 
local aciriimiilatiuiis iittaiu the sufTwieni depth, hen?, too, the stability 
must break clown and the penmiueucy \ye iiiternipted. 

Upheaval of the ocean floor* owing to the laws of deep-sea ^di- 
men tat Ion I sliould lie attended with elfects ucceleratiA^e of defMisition— 
a fart which may not be without influence. Eut although ultimately 
sharing the instability of the coutinental margins^ ihe cycle of cliange 
b tuned to a slower periodicity. From the operation of these causes, 
possibly, have come and gone continents, which many lielieve 

to have once rcqdiiced the wastes of the oceans, and which w ith uU 
their wealth of life and seeuic beauty ha%^e dit^ppeureil eo completely 
tliat limy scarce have kft a wrct:k behind. But those forgotten 
Wi>r]cls may lie agiiUi mtor^^d, The rolled-up enist of the earth is 
si ill rich In eiierg)^ borrow ed from earlier times, and the slow but 
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mighty influences of dczuidiition and deposition arc foreYer at work. 
And so* * percbunee^ in s^jine remote iige tlie vanisKetl Gondwana Land, 
the lost Atlantis, mny one® again arise, the S4^ftds trf nfeiirrection even 
now bidngsown upon their graves from the endless harvests of pelugle 
life. 


A* 

Gouritffiire 0 / iirdiiivin fo fhr etfrfA'j nurfacr SS9}^ 

Ttie efltEiuati:^ of teaHienMarv ^veii aNciimi'^ (1> tUiit tlie musfl of kiieoug 
DioierlaJ is HT^tierh-atp iiriit l!^) that lin lairrace la kept at eaiistatit teitii)omttitt^ 
bt'iit eM:iinlikg fm'Ijs^H The nret iiKcuiuptloii Is Lu favor of lucreaisSaa the estS- 
iijttiu uf lotuiM^fatuti-S iitiil pro^Mibly ivnnld not KoiiuraUy In* ttiitN R^iterlaUy of a 
£Eiai«« nvE3v1»Ft upWariJr The hieeaiid aE»um|aJfPi] teikd^ to jrlre d lun'er estimate 
of temia*rariire. niid \b certainly Itweciimte, ns the ssirrnTaidlna materials an? 
htnicaodaetlnt; and uiuHt fovnr the aecamtilntlafn of rodlo-nctiie hwif. 

On ns^njiplTnoK M | niid ol) ninl on iitnma'B rvsalta fcir the tiiermal ex]MOfiliai 
tjf dlnbuHe iKdweeii 1,100® and iintl rtsults of my u^ti oy Uisult.^ w'hleli 

are In aipproituiato aKreenienr, and flEsiimlnijt the imaiti eiceess of tetii]>eratiire 
to r»U(k' and tiio Ki]rmtindlno: mntcrlnl to tni at n fluid E4uii|H*ri:imn.% the fierce 
ef hno^-auey ou( nl over 00 dijniea per cuble Lvaliwlrr of the wjilterlcal 

luaKS. This Is nil uin|ei^>fiHinnte. 

If we may nssume that tttc Dwenn Trap Is Indeed aa of such an 

OVk^rheiLicd mJiws at the pnrfnei?* *knd tbsit similar mdlo^etlvo mnimea 

rlaltipf nta from Ijenenth nt t^irloDs times In tia* iwirt mny hnve ntTected the ertist, 
we liLtvo nt ni.te dtspoKil a local sotirev of eherfiy of plntoaLe origin wbleli mny 
nccouiit for tntidi, 

Aypt^Dii B. 

Brd^mvnmKcn and rinn*f proCftmoa \p, StS)* 

The depth of the tiprier mdlo^aetlve inyer K of course^. onkiiowTi. We poa- 
Bi-MS, bnwevee, tijre mmm of nrrlvlui? at ittime Idea of whiit It yitist tie. The 
t^tmiiUiatlvu ihurmul conditions ImiKiee n mrtjor Kmlt to ItA nrern^e thlehneso, 
atid tbo indirtittoiif? of Injected rocks suggest n minor Jtnilt. 

If X enlorlea Ih the heat out put of the whole earth lH?r amiimi. and 
If we nsslini only ooe-aftli of this atoimnt to cooling due to decay of the uranium, 
ihmu nil tike as¥;i] milt Ion that the earlli Is m longer Uwliig any part of Ita orlglniii 
slore nf heiiL we Lnve aNiut 2 X rt^pn^ntlug mdlum hea l lag. this 

the iilluwance of u>rn«trlal mdlniD |ier i^iimre centlhketer Itiwanl is 2-3 x lo-« 
^itnH. This would pive n tiknjoe llndt. Etkt U Is prohnhlo that a largo part 
of this nkdLiim U in^^red In more deeply milted parts of the earth. If wo take 
lU^ nft eontnlneil In the ooroukl rakllo-neMre piirfui'e likyer, [itnl nmunie (what 
acconllng to my e^jerloicnfs siionld not bo Gir from the truth I that the aver^ 
ngp rqdlo-actlrity Is :h we hitIvc at D thlckne^H of V2 ]^tlometenc 

Some aceh mean vitttie Is ueceKsItaled by the evidence we derive fronk the 
radlo-nctlvlij- of igueoim rocks* These rocks must In many cases he derived. 


o phlL Mag,, Vol, XKK\\ p* 173, 
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froitt conslderablp deptba. Siiclt niUJl4>n^A a* Uil^ Deccfiti mny Indlcntc locnl 
WilKnipibil cvndJtlonif: bi> aliu> iilh^* Ui^ ot certain reTcmnle nn?nii* 

Bill thorn G^trai^uiiB wlileli Iuitg mt^nnialn bulldin^^ mnr^ eflrH^^AUy 

It* elDfiln^ plinaes, upiieiLr te ibiiliv'flte genenJil condltlana, nud IhvdIw fliu 
tetence of sucti rndJf>aetiTe oiAteHctUf iit eciiiAldorablc tf we nKKume a 

tblekneH39 for iho mdli^aeLive mrt ef the cniai much less itma the 12 klioiuctcr^ 
dlfScnltlca an? met wUh oa this litie of n?n» 0 Qliig^^ 

Ptoceediiis nw to the derlvntlcni of the remiUji alvcn Id tlie table* p. 10. 
The eciDutloD SrS=i 5 fAir(lJ —(where Is the ^otafiefiitDre at the depth a D 
belDip the toto.] doi^th of the rudio^hcttve hkyQr+ o I he rad Idid jier en. cdl Id ijni hif, 
h thehi?et output of onegniiu of milluui per *«eeoiui, k the ihormal coDdnetlilty) 
In ouflIJy derived by eonaMerlii^ tbe cotidKlohs of tfaermal flow In the lajor^ 
mppoaed to to^ heut only at the s^urfacfc* 

The depths of ntdloaeLtve tnrtlerlid In the iBQVcm]! eases of sedLnioD- 

tory iIl^H lu^ifined in my addinL^>t amount to IS* 20, 22, 2j* aua 2U kltonietom. 
I uaKiiiue the mean raEUoaiftlvity fo bo nnd the arera^^* cuMdnettvIty to bo 
4 X 10-", Fmui lh(A tho Imswii tem|a>ratun*s nn^ f^unsd* m iluo to mdlQ-t liemml 
uetlons. Th^^se leiniwraturefl are to be aUKxucated hy the Lemi>erstnr 0 s proper to 
Ulo several doiUhrip which deiK^uil inioii the 4conducted Interior bent. To estJujute 
thwn- we reiiulre to apiKu-tEoa tUo fib«rrT«l nvem^ enrfaeo nmdlent (taken as 
a2 meters lier dek™?) hetweep rudhHictLve efTcetB tu Om u|i|ier layer aad the 
flow of heat froai w^Itlitu. The fadlrntliemial j^dlfst eom^ ont at alKnit 
metoire; the luaer ^jmdieiit la ai'tordlimly fiO meters. IJetieo the total Eeiu| 3 ora^ 
tart' at the base of mdSo'netlTe mass Lb obtained. But tbe geotborma 

Ijrotier to the several deidlm, 20* etc.. hllamAtE-rs, under eeudlfloua iirevrtlllnff 
e]^where In the crust are etislly found fmm tbo value of 0 for tho uontui] layer 
(S3^ C*>, find iLddint^ the teniiwmttjre due to Ulterior beat Frotn the difference 
of the temperaturos we flntilly and tb* rise of the f^therma. 

As conTqyetl |ti my address 1 have fuuud on seTeral difrereai vulxtviH of the 
tLitckneiiii aad radlo-aettve pro|K>rtji^ ijf tm surface layer, roAuUs lu eTery vase 
AbowiDji large ralneir fchr tbo rSac of tin* uVotbcnusL The data nssniiietl above 
are by □□ mcmis Ljie most fhvorable. 

XK ante* amt fontDote as bH^rlug ou the iio&fiLble dlsploeement of tbo 

Strutt, Froe. ituy, &(oo„ Vol. LXXVIJ, p, 4S2* 




AN OUTLINE REVIEW OF THE GEOLOGY OF PERU, 

I Wlt^ S pl4tn.] 


By Obolmi: I. 


IxTROPrcnoN. 

Jlon? thnn n century has elapsed since Hiinfihnldt beltcltl the grand 
Cordilleras m ncstthem Peru* and more than thrM-^jnaKerH of a (ren- 
tury has passed since d’Orbignj studied the ^tioo of the Andes in 
the aonthem part of the country. Since then many scienlists have 
been at traded to the region and have contributed to ihe knowledge of 
its geology-. Their writings arc scaittpred in nuntoraiu^ piiblications 
in English^ German^ French, and 8pa.nljdi, and no suuunary of thiai 
infonnatinn hm been made* The writer in attempting to learn what 
is known concerning tlic subject has gleaned tJic materia] which con¬ 
stitutes this paper. The airangcment and presentulion of it in the 
form of an outline review has been undertaken w*ith the hope that it 
ntay serve as an introduction to the broader pri?bletiis with which 
later gt^ologisls may have to deal 

The atithoFs contributions to the geology of Peru have been pub¬ 
lished in biLlktins of iho Corpn of Engineers of Mines of Penu and 
relate prindpally to the distribution of the Tertiary formations of 
the coast of whidi he made a rccoiiiiaiss4ince. Later, w^hile engaged 
in private work, he traveled in the Titicacan region of Peru and 
Bolivia^ crossed the Cordilleras^ and entered the forest region of 
sou them Pern, and also saw something of the Cordilleras of the 
central part of the- country. It is not his intentiont however, to at¬ 
tempt to incorporate his oljservations during these journeys to any 
great extent iti this paper, but rather to use them a*^ an aid to the in¬ 
terpretation of the work of others* 

The geologic relations of the rucks of Pern have thus far Iweu ex¬ 
plained by written descriptions acctimponied in gome cases hy sections, 
but there are practically no geologic maps. It Ls to be hoped that 
the mapping of some type localities may soon be undertaken and that 
the columnar sections for the various regions may be established 
and the palcontologic studies cori'elated with tbetn* The time has 
arrived when simple geologic reconnai^nce cun not be expected to 
yield satisfactory results. 
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A<?coiiip3nyingf iliis pupei* uUl foutitj ei hibliogrnphy of tke 
Qiore important litcrutnrE*, nmJ in thu footnotes some additional refer- 
cnt'es arip given. Nearly all of the litoratime of the sub}tH!t [las been 
consulted in the preparation of this review, but it has not been deemed 
adviKuble to publish n more cotnplete bibliography, since some of the 
articles with elnborate titles have in reality little value and, Iwing 
quite inacctnetible to the getie™I stiideijt, can hardly hope to hold a 
place with the more impotinnt contributions, u'hich embody tlie 
essential tnitlis with fewer etTiiR*. 

riiysic.vf, AND Clim.mic HroroNa. 

THK THfiKJi HEGIONS OF PiSttU. 

The dominant physical feature of Peru is the lofty range of the 
Audi's which lies near the Pacific Oceuti and forms a barrier lietween 
the iiarrew strip of desert coast and the extensive wooded ploins of 
the Atiiaaofi. Accordingly, the country ia commonly rutti-gniwd as 
presenting three naturally defined regions which dllfer in their phys¬ 
ical features and climate; namely, the coast, the sierra, and the forest, 
or rnontaiia," as it is enUed in Peru. The use of these terms orig- 
itinted with the inhabitants, and they have to a considerable extent 
found their w'oy into sciciitihc literature. Tlte name “loohtana ” is 
apt to be mislcuilitig, especially to a foreigner, since it suggests moun¬ 
tains. “ Selva,' meaning forest, won Id seem to be more appropriate. 
If terms are selet'ted whicli muy la; broadly used in considering the 
South American continent one may appropriately speak of tlie Pacific 
coastal region, llic Andes Mountain region, and the .-VniasEon plains 
region. These terms have [thysiographic signification and shoidd 
voiue into use in scientific writings. The extension of these regions 
may be learned from the accompanying map (pi. i). 

rActPtc f:o.ssTAi. hrition, 

Tlio distinction between the coast and the sierra ns commonly made 
is one of climate and is indicated by differences in agriculture. In the 
coast the agricultural products are those of the tropical and sub¬ 
tropical climates, while those of the sierra are such us are found in 
the tein]>ei-ate sfiones, Tlie imnsition from one regjnn to the other is 
abrupt becrausc of the steep declivity of the Pacific 5lo|>e of the 
-\ndcs. 

With the exception of the pari of Peru adjacent to the Gulf of 
Guuyat|iii), the division Iwt-ween the coast and the sierra corresponds 
with the approximate weateru limit of general annual rainfall on 
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tbo PacififT slope* of ilip Andps. Tins Iiirgelj dptcmiinpd by eleva¬ 
tion and tciniH?mturp, mu] Ls nidleated one tmvols from town to 
town by tUr L-ijjLnicter of the i™fjs of the hoiuses of llie natives. The 
writer iu drawing the line ujjon hb pnhlished tnaps* ns^d tim m a 
basis for his oijserviitions and inquiries in order to obtain reliable 
information. 

Near the Gulf of (luayaquih where the ^ne of rainfnll is deflected 
to the westward from tlic slope of the Ainle.^ over the enabial plains 
and to the Pacific Ck’eaiu tlic division between coast and sierra would 
be iimde by coiitiniiliig the tiend of the line iiiLo Ecuador, taking 
into consideration the cliaracLer of the agrieidtnre,, wliich viiries 
w'illi the temperatun? dependent cm elevation. For Pern the liistinc- 
Lioti biit^?d on cdininte holds fairly well* but in Kciiador it Ls mih- 
fiicrtorVi tiiiicc under the Equator and in a region of rainfall the Kooes 
of vegetation and agricidture do not eorres[>ond with the topographic 
distinction also impli^. 

flmijfiom of thf' ^00 

The coastal region of Peni may bo diviiled into plains areas and 
mountainous areas. The plains, according to tlieir geogriipliic posi¬ 
tions in the eonntry, may Ik* called the northern,^* “scuith centriih'’ 
and soiJtlienL*^ Between the northern and south central plains, and 
Mkewdsc t)ctw-een the south central anci southern^ the coast is moun¬ 
tainous. The northern and south central pkins extend inbriel from 
the shore of the Pucific* but the southern plains are sepanitecl from 
the mi by a coa-^t range of lulls. Tlie nionutaiiious divisions of the 
coast ara diversified by the stream valleys and their tributary dry 
valleys and present a veiy" bmken to|Mgriiphy. The southerii one of 
these two mountainous flreaa, considered as a mass, rises ahniptly 
from the seiv and presents many aspects of a dissected plateau* The 
northern area is characterized hy n more broken coast line and the 
mountains risic in a ragged, irregular way toward the sierra* It 
would seem to be an open question as to whether these iimnntainous 
areas should be classe<l with the coast or the Andes region, jllong 
the inner border of the plains are the footliills ^ rising to the sierra, 
and at a corresponding db-tance inland in the mountainous divisions 
of the coast there is a tranaitinn zone known as the valley heads of 
tlie coast (cahezeros de los valles), where the valley floors become 
narrow and stony, so that the agriculttire of the coast is impossible, 
and the mountains rise on either side into the tcinperature and cli- 
in fit V of the sierra. 


* Aiatei reiJroUtssXKl In tbls ruiicirt m FJatea Xoil 2, 3, 4. aaU 5, 
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THE ANDES MOUNTAIN ItKOlON. 

The dist motion iwliFeen llie coast anc] the sierra has already been 
explained. fTIm division line between the sierra and the Aniason 
rflftion would seem to be simple eitoiigb if it is based on the presence 
of Ibe forest, as is implied when tbe word “ montnfin ” U used. (See 
p. 38b abovOt)] Tlie trtie line, however, especntlly in tlie northern 
part of Pern, accordingr to the data which the writer has obtained 
fmm reading, rises well up onto the flimlts of the Andes, and indeefi 
oOTore some of the mountjiins wliicb may be appropriately classed 
with the Andes region, It may also be noted that tho limits of the 
forest have never been accurately shown on any map. It would seem 



proper to restrict the Amazon region to the plains lying to the east 
of the mountains in order to make the division a pliysiogtaphic one> 
It is not possible to draw tliis line from information now availablOt 
In the accompanying sketch map of the Cordillera of tlie Andes the 
haehiiring of the mountainous area has licen done as acciirstelv as 
p(®iible from available data, but it will be remembered that Rai¬ 
mondi’s map of Peru, which is the most detailed, is known to be de¬ 
fective, and to a considerable estent the hachuriijg on it Is imaginary. 

Divmmt of the Andct regioju 

■Hie main fwtiires of Iho Andes are the Corililk'ras proper, which 
will be ilcfioribed in some detiiU later. Cow^sponding witli them 
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are. the inter-Amli?an vall€y'>, whioli an.‘ ixscupit?^! by struivniB 

tributary to tlio Amiizon and whi^h are i^hown in Ji pinc^ral way 
on the Iiftchured map^ and which may l>e namod from tho rivers 
occupyijifr them. On the Pacific slope there is one inter-Andean val¬ 
ley Ixitween the Cordillera Xe^i and Hlancn known us the Valley 
of Jluoylas’’^ (Callejon de Iluaylas). In iiddition should be noted 
the Titicaca Lake basin. If one attempts to go further into the 
etassification of the physiographic features^ tliere are. many Bhoii. 
rangeB of moiintainB or spun? from the main Cordillera^ some of 
whicli are named on Raimtindi^s map, and nli!^ higli phiin.s and table¬ 
lands (frequently called punas’') which are worthy of distinction. 



Itmnfall in the Ande$. 

I1ie rain which falls in the Andes region is brought as vapor fmiu 
lIic Atlantic and most of it is precipitated in the AmariOn region or 
on tile eastern ilank of the fivsi CordiUam which it encounters^ Dur¬ 
ing the siiuiiDcr season the clouds rise higher and pass farther to the 
west^ distributing their moisture on tlie Cordilleras and a part of it 
crosses the Ccintinentid Divide or the wesleni Cordillera. It is gim- 
erally believed that the rainfal) on the Pacific slope, the limit of 
ndiich has already been diBcussed^ comes over the Cordillenis, except 
in the region of the Gulf of GuayaquiL This is in accordance with 
the observations of many traveler^ and the general tlieory of the 
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influence of t]jo trade windsH CloTids ure not seen passing; to tho 
Cor ill Hera from Uio Pueitio. Tlie mists of the coast which drift in- 
Jnnd from the PaciJic form at tJse iicason wJicn the sky in tlie Oor- 
dilleftt is dear and their moToments are with the land and sea breezes. 
Systematic observations of the rainfall in the Antics region have been 
carried on at only one locality, namely, Cadloma, w'hicli is situated 
north of Arequipa and just to the cast of the Continental Divide. 

From tlio published ilahi 
the writer has constructed 
the accompanying dia* 
grams (figs. 3 and 4 ) 
which diow the annual 
and monthly varliitioris 
of the ruinfnlL 



l?ra. Ajinuil tirlatioii of mlalkn at Uaabaia 
iJurln* MT«n rmiTL 


7' hf Vori/ilicrajt of ifte 

. t WffciT, 

I>*:scaieTios tiT nouiiEiiirT. 

i^crjL 

AJ thmigli 11II mbohlt 
did not have Peru as an 
object <if spociat study 
and did nut visit the 
country excepting to see 
the eoas-t at Pisco and 
Tdma and to travel in the 
northern highlands be¬ 
tween Cajamarca and ihr 
^faninon,* ho neTerthc- 
less gave ii graphic and 
to a large extent a correct 
ilescriplion of the diaiii 
of the Andesj availing 
himself of data furnished 
hyotherK Re saysJn sub¬ 
stance, that in southern 


1 iTii there are two branches of (lie Andes which include Ijotw'oen 
them the Titicaca Imln, To the north of the Titkaea basin there 
la a knot which includes Yilcannta, Carabaya, Abancay, Hiiando* 
and Parinacochas* Aftnr this knot of Cuzco and ParinacochaSt in 
latitude 14® a, the Andes present a second bifurcation, luid north- 
ward the two chains lie on the ea^ and west of the river Jaiija. 


Hatmoticlh Kl rerq* Vcliic^e I, 
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The ea&teni chain estends on the eiiit of llimnta^ the coiivenl uf 
Ocopa Jitifl Turniu^ the western chain passes Castrovere 3 "na, lliian- 
cuvdicn, Ilijoriidmrit Yfluli, indo^ing' a lofty table-hinii In 
latitude 10“ 11^ the two bmiiches unite in the knot of Huaniico nnd 
(Cerm de Pa.sco)* From thifl jMjini northward The Andes 
divide into three chains. Tiie eastern lies between the Huai Inga and 
Pachitea (Ucayali) riv- 
eiis the second or cen¬ 
tral Ix^tween the Hnal- 
lugii and the llaraiion. 
while the third lies l^e- 
tween the MamuoiL and 
the coast. The eastern 
range lowers to a range 
of hills, and is lost in 
latitude 6“ 15'' on the 
west of Lamas. The 
contraL after forniing 
the rapids and eatarocts 
of the Amazon, turns to 
the northwest and joinij 
the knot of Loja in Ecua¬ 
dor. From the moid cer¬ 
tain information wbidi 
hu ohtniiied he concluded 
that to the eaet of the 
chain wliicli in the 

cast of L[ike Titicacii and 
northward to Hiianuco 
a wide mountainous land 
Is situate<U which is not 
a widening of the east- 
tern chain itself^ but 
rather that it consists 
of licJghtsS wliieh M.ir- 
round the fool of the Andes like a pentunhra. filling in the whole 
space belAvwn the lieni and the Pachitca (Ucayali)- 
Humboldt also made interesting comments on the direction of tin* 
Atid^ IJe noted that in Chile and lippjer Pern (Bolivia) j from the 
Straits of Magella^n to the parallel of Arica (1S“ 28' 35" S,)^ the 
whole mays of the Andes nins from sonlh to north in the flirection of 
a meridian at the most 5* JfE,. but from the parallel of A rim the 
coast and the two Cordillenis east and wKd. of the alpine lake of 
Titicaca al^mptly change their direction and incline to the northwesL 
8S20E—8M 10OS— -2B 
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Til llliA re^oUt an in gpnprHl in f^vcry coriffidprabk i^idening:^ of the 
Cordillern, IIip gjoupi'd snmrait^ do not follow the principul axe!i in 
uniform and p^mllel direction?*, and he renmrket! that the general 
disposition of the Andes in this latitude is well worth the attention 
of geologists. From where the Cordilleras unite in the knot of Cnscco 
(Vilcanota) their direction is X. &0^ W* He calls attention to the 
fact that the direction of the coast follows these changies^ and remarks 
that the panillelism between the ccai^ ansi the Cordilleras of the 
Andes is a phenomenon the mort worthy of utteiUion as it occurs in 
several jiarts of ihe glolie where the mountains do not jn tlie same 
manner form the shur& 

DsacRirrmx nv ftLiuoxon 

It is to la? regretted that Haimondi did not publish a description of 
the Anders, llowerer, his WTitings contain iiiueh infurjiiation, and 
in his lalited notes published in the ohapler “Apnntea Orogralicos,^ 
in ■\^cilujne IV of El Peru there ia a partial description of the 
Cordillerns. He adopted the nomenclature of Humboldt. The 
Andes is used as a general tertii for Ihe w-hole mountain system, 
and the various branches are spoken of m ^ Cordilleras,*^ The 
hrunih to tlie east of Lake TiticHca he called the ^ Cordillera Ori¬ 
ental ” and the one to the west iho ^ Cordillem Occidentah” The 
union of these branches to the north of Lake Titieisoa he calls the 
^Knot Ilf Vilcanota/' taking the name from a snow-capfieil peak. 
From this knot northward he recogni^d three branches ULstead of 
the two Efcunewhxit vaguely described by Humboldt, Tlic Cordillera 
Occidental follows the dimrtion of the ocMist, The Cord i I Jem Cen¬ 
tral separates the vallevs of the Apurltuac and the Yilcanota or 
IJriLlwMnba rivers^ while Qio Corelillera Oriental separates tJie uiter- 
Andenn region from the forest region of the interior. "^Tliese three 
CordilliTiLs urdte in the Kiiot of Cciro de Pasco, from which point 
northward thn'c Ijrauches divergeH The Cordillera Occidental for a 
portion of its wny is divided into two, the weslerti of which is known 
aii the ^^Coixlillem Xegto " (Black Cordillera) and the eastern or 
main one takes in that ri^on the name Conlillera Blanca ” (WTiite 
Cordillera 1 because of its ^ow-oovered pcaki^. The Cordillera Cen¬ 
tral seponitcs the Mamnon and Hiiallagn rivers, while the Cordillera^ 
(Jricntnl st’^pnrotes the Hiialtaga from the Padiitea and IJcayali. 
The Cordillera C^enlral describes a curve, and is cut by the Maranon 
at tlie falls of llansarjche. The Cordillera Oriental lowers, and isciii 
by the Hindlaga at the Falls of Aguirre and then runs in a north¬ 
west direction and joins the Cordillera Central. Humboldt states 
tlial it dies out in latitude tP With this cxccptiont it will be seen 
that in the northcni part of Peru the description by Baimondi does 
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not differ matcriallY from tiiat by ITiimboldt. Utiimc^ndi gives a 
description of tlio CordiUem Ooridental and notes a list of 4"2 of its 
passes^ which vary from SjSfi metm to 5^075 meters* From Htiaraa- 
ehuco in latitude 7® 45^ soiithw^anl the 27 pa.^^ nre mote than 4.000 
meters above the sea* The lowest puss is that of lliiartiiacn^ in the 
department of Piiirsj which is 2*m0 meters. 

HLs farther description of thb Cordilieni as to structure, nge* 
and .^Jiow line, etc., will bo given under other heads in this paper. 
If ere, however, it will be note^l that be says the southern pari of the 
Cordillera Occidental is not a single raugc^ but rather a broad ele¬ 
vated Imnd or high plateau, on whidi arc ritiiated volcanic peaks. It 
may perhaps be added here willi propriety that the Continental 
Divide is a contiriMOiis range and that the volcanic peaks do not fol¬ 
low the Cordilleraj but nre found in an irregulnr dotible line crossing 
the western part of the high plateau. The relation of tins line of 
peaks tn the change !n direction of the Cf>rdillera is not unlike that 
of a string to a Ixiw, 

It will l»o rctiiomtwml that Humboldt spoke of a motmtainniis area 
to the east in tho fore^i region, Kaimondi did not touch on this 
point, and indeed it is not vet jwssible to tell just what is the difsposi- 
tion of the mountabis of this region, for aUhough many exploraiions 
have been made the wooded country haj? prevented the mapping of 
tlie topographic features. TJie Cordillera Central* according to 
Humi>oldt, joins the Occidental in tlie knot of T/oja, in Ecuador* 
Perhaps Paimondl did not ttonch on thLs point in his description 
becmi® Loja is outside of Peru, and consequently beyond the limit 
of his explorations. He ^*ems to have accepted the statements of 
Humboldt in his mappings 

howeyfir (1B92), in hi^s description uf the Andes, says that 
he dews not agree with the opinjon that the Cordilleni Oriental unites 
in the knot of IjoJii, as is shown on the map of Ecuador by Santiago 
y Momna and of Peru by Haiinondi. He states that the Cordillera 
rut by the Pongo de iManseriebc {Falls of Manseriche) is the last 
branch of the Peruvian moniitains which reaches the Amiizon. Il 
apjieanri not to be very high* since explorers speak of GOO meters at 
the locality of the falls, and he thinks that to the north it lowers and 
js lust in the plains between the rivers Santiago and ]tlorona. 

olf also says that to the east of Ecuador from whertt the rivers 
are navigable the countn' is a great plain, w'lth only small areas uf 
gra<1ual iindutntion:ii, and that the high mountaimi of the old maps, as 
also those of Raimondi* are itpaginarj^ and do not exist. 

The acconipanying sketch map {pL 1) shows the disposition of the 
Cordilleras according to the foregoing descriptioHi The Ecuadoran 
portion is from the sketch published by Wolf, 
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the AMA!ai>N HEOlb?^. 

II k to lie rrgrcttH ihnt little sj^ctemutiRtHl infntniiiticFn is aTnil- 
able conwrning the Anuizuii region. It hiis bet^ti explored principally 
fllong^its grnot wuierwiiy^ aiul the forc5ft hus^ preventid tnivekrs from 
obtaining coiujirehensiec vieT^s of its physulcal fcattires^ which are ol 
reliUively miTior relief. There nne grastfy plains. These ore of 
in<iigiitneatit extent hs compared with the trec<orercci iireu. Jlotil 
of liie sheets of Kuirnoodi’s map in tlie Aniiizon region are without 
liaehiires^ and Wolf has called attention to the fact that the mountains 
shown to the east of Ecuador and in a region w'hich RuinipnJi did 
not vhii are wholly fanciful. A chain of lulls or an fs^carpmciil gives 
ritio to the: falls of lUo Madierra River, but furthei' than this there is 
little found in the writings of exi>lorer^4 excepting the mention of 
IjlulTs along the streams nnd occasionally hilly area& Accardiiigh% 
tha region must be for the present dismissed without further attempt 
to describe or oullme its physical features* 

SEDiMENT.^ar Foasi.%TioN(S. 

CAMURJAN. 

The Cambrian has not l»cn identified in Peru by means of fossils. 
In some instances in the literature the Cambrian has evidently not 
been eonsidered as a separate ora. but has been included in the 
Silurian according to former usage* Accordingly formations have 
liccn dLsenssed in connection with the Silurian which may t>c of 
Caiubrian age. Steinmanii (IDOt) has de.^rilied greim slates n^sar 
Chanchaniayot which he sjiyH are liurely pre-KSiltirian, btit the ab¬ 
sence of fo^ils does not ponnit of their age being provisl. lie men¬ 
tions having lost his collections of fossils from nolivia whicti 
would have thrown light on the Cambrian and Silurian format tons. 

HIT.UaiAN. 

In hk section fmm southern Peru into Bolivia d'Orbigny (1849) 
dcscrihod the Silurian as represented in the Cordillera Oriental, 
where it has a.ssociatcxl with it gnmite, which he stated forms the 
axis of the motmtaih range and constitutes some of the highest peaks. 

Forbes (1801) outlined the area of the Siluriiin as extending froin 
north of Cuzco in Peru along the Cordillera Oriental into Bolivia 
and southward to beyond Potgisi* I fa found it to present phvsical 
featurca simliar to the Silurian of Europe. He says that it tsoWisfa 

- tutrodiietlou tu by A. Ulrfvb on t‘ultto®yl«;by Verateiuerttiig^ atis 

BoUviem” 
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of day slate^t qiiflTtzitesj but be fuiuid no lime^^totieiL Tbe 

fossils whkh he collected ireiv cTianiiiied by Soltcr nnd showed that 
probably tlie whole Silurian is represionted, Forbes called attention 
to the fact that the formation coniuiris quartz veins, find that these 
have given rise to ain*iferoiiH gravels. He contradicted the state- 
inenl of d'Orbigny that the peak Illimani in Bolivia in ti granite 
iH^ak as shown in the section* and says that Ttlirnani and lllainpu 
(SoratJi) are composed of dates. 

Raimondi (ISBT) described the Cordillcni Occidenlftl ns contain- 
ijig slates cut by quartz veins carrying gold, and later (in out¬ 
lining the geology of the Department of xtneachs he classes the 
slated ns Sihiriarn 

Tfs MJiitherri Peiai Balia (ISO?) has classed the slates in the Prov¬ 
ince uf Cambay a und Sandia as Silurinii because of the prc-sence of 
graplolites, and this dassiheation w'os followetl by Pflucker'* whOj 
how'ever, tonti'ibuted little to oiir knowledge of the t^iliiriann 

Ochoa, in hiy buUetin^ on tlie Province of Iluanuco, in the ciuitral 
part of the Peruvian ^Vndes, makes a brief reference to the finding of 
gmptoliti^ near Huacarj from which fact he concluded that the 
Silurian is pre^=ent them, 

Btcinmann (1904) identified by means of graptolLtcs the lower 
Silurian in the region of Tarmnr nho in the oentml region of the 
Perudan .cVndes, and lie states that the granite associated with the 
Silurian in the Cordillera Oriental made its appearance in lower 
Silurian time* 

Farther to the north Raimondi {1S?3), in describing the geology 
of the Department of Ancacltf* statcfi that in tiie Province of lliiari. 
near Uoo, in the valley of tlie Mammin^ Iherr are older sediments with 
a great formation of talcose dates with quartz veins, which he refers 
to the Sdurianj. altliongh he did not mention any fossils, lie also 
states that there is a similar area on the wi^tern slope of the Cordil¬ 
lera Xevada (Occidentfll) at Pallasca^ Farther to the nortli tind in 
the foothills of the Cordillera Occidental, in pasffing over the divide 
from Motnpe to Olmos and in Ihe vicinity of OInioSy the writer sjiw' 
extensive exposfurei^ nf slate*? cut b}' numerous quartz veins and 
slringei^ which liave lieen prospeded for guld. Mention is here made 
of the area l^ecause of its resemblance Ut the Silurian, but it should 
not be definitely classed untit fo^^ils have been found. 

A paper which has an imjjortant bearing on the pftleontology of 
the Silurian w'as published by A, tTlrich (1S02) describing an ex- 

-Itifnrtue los yaclmimtoR aarlfuroua Oe Saiuila, EoL tW\ Caeriia de 

iDj^eDlcToe de mniift ^|e| No. m, 1005, rfltiirJier 

^RecorBos minerals de In jirovliirfii de Runnueo, HoL Ue] Cueriio di* in 
de Mlan^ del tVru No, U. 1004^ Nl^nor G. Oelion. 
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tensive [Collection of fo^Ils from t]>e Siiurian and Devonian of 
Bolivia made by Steinmann. Inasmuch os the same fnan ns probui>ly 
extend into Peru the de-scriptions of the fos-sQs will be of value when 
similar ntudirst are nnderittkeii further northward, Etecently Dereims 
(I1H>D) hm dqftqribfd ih^ occurrence of the Silurian at many plaoep 
m Bolivia, some of which are near the twarder of Peru in the Titicaca 
basin^ although most of them are to the south in the Cordiilcm Eeal 
(Oricjiial) of Bolivia^ but he has not yet described Ith collections of 
fossilii, 

DEVONIAN* 

The hrsL recognition of a Devonian locality whidi has a bearing 
oj| Uie geology of Peru was by d'Orbigny (1S42)^ who made collec¬ 
tions in the Titicaca Lake region in Bolivia and found fossUs which 
he described as ebarocteristic of tliat period. 

Forbes (iSOl) wheii in the field did not d]!?tinguLsh the Devonian^ 
but inelndGn:! it with the upper Silurian- Ld^ter he was induced by 
Suiter^ who studicil the collections of fossils, to shoAV the Devonian 
in hifi Ji^tioh l^ecauiie of tho finding of PMcops latifrom^ which 5 h 
admitted Eo be a truly Devonian sp<!cice^ Forbesa localities^ are in 
BoIi^Ha, near Lake Tilicactt^ 

Mention has iilready been made of the collections from Bolivia 
made l>y Steinamnn which were studietl by A, Ulrich (ISSK) iind 
found to contain an interesting serica of Silurian and Devonian 
fossils. The descriptions by Ulrich will bo of value when the Devo¬ 
nian in adjacent parts of Peru receives critical study* 

Still later Dpreims (1D<M) hm doficrilied tho occurrence of tho 
Devonian in Bolivia^ near l>ake Titicaca. lie say^ it consists of sand- 
atones of different colors and thickness^c^, alteniating with shales of 
less inijwrtance. lie obtainccl a collection of fossils^ some of which 
he mentions^ but ha has not yet published his paleontologic f)~tudies. 

All the foregoing literattnre pertains to Bolivia, but it has a direef 
bcjiring on the geology of I'eru, since the I5evotiian undoubtedly ex- 
tand.^s aciTOs tlie liordcr in the Titicaca basin, Tims far no Devoniun 
fosHjIs have lieen de^ibed from Peru, but Dncfias- {1901) obtained 
fossils from Taraco northwest of Lake Titicaca which Bravo 
has reported to t>a Devonian, although ho did not detcrttiijie thorn 
sfiecihcally* 

OASBONiyni«ou&- 


The CarlKiniferoiia in liolivia was studied by d’Orbigny (1848), 
who dc^rilied a nuiubcr of fossils. This was the first information 
w'hich gave a definite reason to suppo^ that the Carboniferous erishi 

• Eorlque L DueeaH, BoL 4cl Cuerpo de lut'culcroa do Mtuua del Beru So* 63, 
ifiO, See f[}Otnate^ 
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in Ppru. fiince tlie lonvlUitJt* urt very iicur the bonier. D’Orbigny uleo 
referml the rocks nt iVcicii to the Carlxiiuferoiis on wry slight efi- 
denve, but this hns lieeft refuted by Forbes. The writer* fouod fos- 
Hibi ut Arica, which, according to Bravo, are Cretaceous, uithougil ha 
did not dctcniiiiie them si^H^rihcolty. 

The Carboniferous aratis exannuHl by Foriws (18G1) nre on the 
[>cnin 5 ula of CopueabHUu and the projecting headland ojjposite on 
Ijike Titicaca. On account of u doclarutioii of war Forl«^ was placed 
in a suspicious position, since these localities are ou the frontier be¬ 
tween Peru and Boliria. He, however, obbiined a collection of fossils 
which were deteniiincd by Sailer. Forbes stales that the Carbonif¬ 
erous is also to be found to tlie north of T^ike Titicaca. 

Tlie fossils collected by Agassiz (1870), together with some others, 
were studied by I>erby {187G), who described 0 Carboniferous spe¬ 
cies from Yiitnpalii and the island of Titicaca. Ho also found a 
Spirifer in muteriab brought by James Orton from the Pidiis lliver, 
and in Lis notes says that ho has recognized Productus and Strepto- 
rhynchus from near iJlayobamha in nortliern Penn Agassiz, in the 
notes acoompaiiyiiig Derby’s paper, atate.H that Hpocimensof FiLsulinu 
were sent to Mr. Brady for identification. Tlie notes a.s to the occur¬ 
rence of the Carbonifemna are by AgioMiz, who saj-s that near I^ke 
Titicaca H lies in a rather limited elongated basin, with the axis in it 
iiorthwcsl-southeftst direction. He identified the Carboniferous at 
Vilca, Santa Lucia, and Sumbay, and says that Mr. Orrego slated 
that Carboniferous is found as fur north as Ciiylloiuii, and quotes 
Orton os sajdng that Raimondi reported he had traceil the Cnrhonif- 
crons series to a height of 1,400 feet on the Apurimac at a locality 
intennediate between the Pichis River and Cuzco, It would seem to 
the writer that until fusrib are found the identification of Uie Car- 
iKMiiferous at the places mentioned by Agassiz, and especially those 
reported by 5fr. Orrego, riiould not be definitely referred to tbe 
Carboniferous. Tlie writer in journeying to CLiylloma observed 
sedimentary formations which appear to bo Cretaceous. 

Bolta (1899) revnewed the Carboniferous of Peru and publislied 
a skctcii map showing two areas in which the Carboniferous hud been 
shown to exist, namely, in the Titicaca luasln and iUo locality from 
which Orton’s Carboniferous fossils were obtained. He added noth¬ 
ing especially new. 

A small Carboniferous area was reported^ by Fuchs (1900) os 
being found in the peninsula of Paracas, just south of Pisco, on the 
Pacific coast The formation there contains some thin coal which 

■ See Bolptlii del Ciierpo il0 l&Kenl^FCks do Mloas del Pfern, Xo* 4i?, |x tnCHS. 

^■Noiii flobni T^rrmo OirtMjnlfero de la i>eiLtDflQJii de l^racfiB, C; B^uebti, 
OoU dc MlnaiS^ T* XVI, JWKI, 
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an attempt is being made to exploit. TTith die cual, pUmiH 

were fouDtl by FocUs. This is an ituportant addition to our Imowl- 
vdge of the distribution of the Carl^niferou^ because of the geo- 
grajihic (Kitiition of tlie artat. 

Steinmann (lt304) exported the finding of a few cbatudjeristic 
Csirhoniferoua fosHiL? wutheast of Tnmia. 

The Carboniferous in Bolivia, especially in tho region of 
Titicaca, was stadied by Derciiiis (190fi) ^ wlio describes the formation 
nii composed of sandstones and sihales* with ii lied of dark limestone at 
the base and witli cojd beds. lie invesligalcd tbe coal four leagues 
north of Jlnconioeci. ai Ococoyti and Calacala, where it doci^ nol 
exceed 80 cenlimeters and consists largely of shale impregnated witli 
carbonaceous maUcr and is not workable. In the |}eiiinsiiiJa of Copo- 
cabafia, near Yamnpata, he saw thin beds of coal, which have for- 
nitrly Ijeen vrorkedj but the coal m mixed with shale and contains so 
much sulphur that it can not be used. He states that on the island 
of Titicaca it is of the same general character* Hb conclusion in 
rc^inl 10 Uic Carboniferous in Boli^dit is that it is tlie lower or 
Dimanlian stagej and is cverj'w'here marine and contains no workable 
or good roaL 

OfcllM TA^ g- 


The Permian hi not known to lie pre^fCnt in Pernvion territosy. 
Certain sniithitoneg in Bolivia which extend into southern Peru In 
tliL- liticaca region were carl^- claoised as Permian or Triaa^c by 
Forl>te liecaui^e of their rcscmbhince to tlie typical Poniiiaii of Hussia 
described by Murdiison. how^ever, states that no fossils hav¬ 

ing been fonud, the age of the beds ia n qiic^ftloii for inquiry% The 
formation contains salt and gy^psnni lieds jind native copper, the 
celebrated mines of Com-Cora lieing found in them* 

Stdnmaiin ( 1006 ) has discussed the Cora^Cora copper deposits and 
has given the rmm Puco sandstone to the formation in which they 
im found. TTe .eays that the fortnaticiu comj>rises the yoiingest ma¬ 
rine sediments in Bolivia and has a thickness of more ihnn J^QOO 
meters. By the Hnciing of flails near Potosij in sontlicm Bolivia * 
111 related funuatioiLs a lugher agi^ than Jura is indicated, and accord¬ 
ingly he nssigiLS them to the Crctaeeoug, 

nereims (IIHW) snjs that nt Santa Luck, near Potosi, tie fouml 
sanastoncs and peddkli Ej-[)fiife«n,5 dial® with souiis beds 
that nro edeareous, which aix of Pemkn age. The calcamius bed is 
full of Chemnttzta pot0Hcii»m. first descrilicd tiv d’Orbignv. He «- 
marks that d’OiJii^y has referred thU fonnation to the Trias on 
lithologio grounds, but freni the fossils it api>earfi that k k Permian^ 
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Curbonjforous or Permian. It wJU iT!nscrnben?d that rrOrliigny 
ilc^crilwid ChirffinUsiii poto^nsk from the Tria*=aic^ but the diagnosti^^ 
value of the genus for indicating tlie Carboniferous or Permbn may 
well bo questioned, since the genus h also found in the Meso:&oic. 
iloi-eoverif it will l>e recidletl that the evidence by Stein menu just eiteil 
oppudcc] to the coticlusions of Uereinis^ 

TRZASSIC. 

DXIrbigny (1B42) referred to the Triaiisic a scries of variegated 
reddLsb sandstones in Bolivia* He found a ntimbor of fossils but 
mentions only one^ pofos€^ms^ the others having been lost. 

Tlie ago of these beds sterns to still be in doubts Dereims having re^ 
ferred them (190(j) to the pormo-Carboniferous as has already been 
mentioned. 

Ijiiter Forbes (ISGl) eomtnentod on the clsssifieatinn by dX)i'bigny 
nnd states that it would appear lluit d'Orbigny proceeded on the 
supposition that no link in the geologic chain should be deficient. 
Forbes classed these rca^ks as Pemiian or Jnra^iKiCj but stated that 
tlieir age h a question requiring more study, 

Uaimondi {181^^) in bis volume on the DeparLiiieut of Aneachs 
classed as Triasjic certain red sandstones and shales with salt and 
gypsum* This seems to have been done in accordance with the gen¬ 
eral relations of the rocks and to make the geologic suc^is^iion com¬ 
plete. It will be remembered that tho temih sent by Eaimondi to 
Ciabb were not given close diagnostic values^ and so the elassificution 
liy Raimondi hos really little value. In several places Raimondi 
Npeakr^ of the Triassic m being present, but unfortunately little reli¬ 
ance can IjC! placed on Uim. According to Stoinnumu’g later writings 
{IfKH) the red sandstones and shali;^ with ^ilt and gypsum beds are 
to lie classed as Cretaceous (Lower Lio-ssic}*** 


JOHASSIC, 

D Orbigny (1849) found no fcj^ils of Jurassic age and did not 
color any part of his section as Jurassic. He discui^d the prob¬ 
abilities of itis being present in South Amencii* 

Crosnicr (1852), in his explorations on the east slope of the Cor¬ 
dillera Occidental, found some fossils whicli were determined by M. 
Bayle as Jura^ic- He mentions an Area like Area ffubnrlk of the 
XecHsomiati. Also an Ammonite from near Oroya was likewise de¬ 
termined os Jurassic. 

Forbes (1860) claimed as Jurassic or Permiriu a scries consisting 

principally of sandstones aggregating more than B,000 fret. Th<?se 


* BoL X‘e. 12, iL 21, 



400 ANNlt.iL REPORT gMTTH&O^lArr IK^TtTUTlDK, 1^. 

rucfe were e]£iiiS 4 ?J by d'Orbigiiy nj- Di^voQiflD find Carboiuferoiis mid 
in piirt Trinssiic, but he cittd no fossila Forljes tbut tbe Ik^Js 
c'ontj^in plant mimiiisi (conifGrrJijs indGUiniiinaUe) jmd Iio wii?i in* 
formed thiit a qumplete Saurimi bwid hml been exti*acte<l froDi the 
bi-ds by M. Kaiiion DuCt but -sras not srucoe&^fiil in obtiiiniu|^ it nor 
some fossil bones nnd toeth now In the Museum of ATignon m Frnuce, 
ttcnt there by M. Grmiier of T^u Ihiss. The charueter of these lietls, us 
direiidy stEited in describing ibe Peniiiun^ is like the tjpiuil Perniiftii 
of liussja. Forbes concluded that ibclr uge must awciit the finding 
of fossrila 

EiiiniotiELi in bis study qf the r>epertnient of Aneiiclifs 

classes as Jurassic certain formations containing coul and Ticlding 
ammonite fossik^ However^ be had no other deterndnation for hb 
fussiLs tlian Uiat furnbdteil by Gabb, whidi was not very cidtical and 
BO we niuiit rely on later wr^rk for tbe diSerentintioii of tlie iTurassic, 
It will be seen later that tlia plants and invertebrates from tbe cofil 
borizDii of tbe Cordillera Occidental have been shown to be Creta¬ 
ceous. However^ Ibiimondi in i?onie instance’s was probably correct in 
assigning fonnations to the Jur^.^ic, since it is now known to !>c pres¬ 
ent and has yielded nunierous fos^sils. Britvo has calletl attenUoii to 
the fact that Gottsidie" lists ttiEidc nteiition of uti atiniionite from 
Jloitjcwlia which Ia in the Fixdbnrg colleotion-^ 

Fos^il ammonites from Hnallancitt in the Department of AncacUs, 
colledvd by Dnrfeldt und belonging lo the Freiburg Mu.seum, were 
Bind led by steiiiinann (IBBI) and considered by him as Indicating 
the Titbon { which is homntaxiaL with the Portlandian) and belong¬ 
ing in tlie upper part of the J uranic- 

CaETACEClUS. 

The island of San LorenKo at Callao was cscaminerl by Dana, and 
his di^scripiion is publLshi*d in the report of the Wilkes expedition 
(IB 4 P). Ho made i^iue detailed sections of the roebi and found 
301110 fossib wbidi he considered m indicating the oolitic* He refers 
in a footnote to the fact that Jamea UeJa field had re|>orted * iiijon 
some fossils wdiich Dcictor BrinkcrholT bad collected from tbe i&lanrl 
and presented to the New' York Lyceum of Natnnil History. Dek- 
field did not vent n re an opinion ns to the age of tbe fo^ds. 

Doctor Pickering, who was wdth Dana, found an anuiionito at the 
head of the Chancay Valley at an elevation of IfifiOO feet in rooks 
similar to thos^ of ^an Ijorcnxo Inland. This specimen is deseribed 
in the npt>endix of the report as AmmoniU^^ pickerin^L Some fos¬ 
sils from Trujillo are also Jigured. 

“Cbur Junselclie venrteiapttingea aita der Ai^eatinJsche Curdlilere. Dt* 
Carl tlotuchi^ Caseel, 

^ Amer- Jtrtim- Vui* ix aoi^ liiaa. 
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D'Orlijgny ObcuKsi;*! tlu^ occKrreuco of the Cretaceous ui Souili 
AnierieH, nu<\ in hb< section iiii e^tetisiun uf porphyritie rucloi 

on tile we*it slope of the I'ordilkra Occident at; lie ilid not ditfer- 
ejitiate the Cretaceous, but cTidently ineiuded them with the por¬ 
phyries with whieli they are iuterbedded^ 

In the section which Forties made from Aricii to Bolivia he classi¬ 
fied (1801) as oolitic (Liassic) the rocks at Aricii^^ which he descriljcs 
as shales, claystoneSr and cmliedded por[>hyries^ anc] s^tutcil as his rea¬ 
son for doing so that to the &outh of the district wUidt lie studied 
the rockii arc ubundantly fo^iliferotis and had yielded to the re¬ 
searches of Bnyle and Coquaud and Phillipi about B5 species of 
recognized (jolitic fonns. On his map he showed n considentble ex¬ 
tent of oolitic in the Cordidera Occidental of southern Peni* 

Appiirently^ Kaunondi attempted to identify the fossils which he 
frolketeii. although he did not describe them. He evidently used the 
fossils ag a guide in detennining ns best lie could the age of the sedi- 
jiienlary formation, which he discussesi^ in hisi various writhigsL Wlien 
be sent his collections to Gabb to tie described he accompanied them 
hy ii letter (ISGT) in which he onUined the geographical distribution 
of the sedimentary formations of Peru* According to his idea, 
Cretaceous (with Jurassic^ Lias, and Trias) bdi^rihuted principallj^ 
in the western Coniillera. He thought tlie stratified rocks near the 
Port of Ancon, at San Lorenr^, near CalluOj and at Chorillos, to 1)0 
Jurassic or Liin^^ic. These locnlitiiis have since pix>ven to be Creta¬ 
ceous, as will taioii appear in this paper* llnfortunalely, Onblys de¬ 
termination of the Mesozoic fossils was delayed and, raoreover, he 
dill not give to tliem such diagnostic value ns would help Raimondi to 
revise his ideas in his later writings. 

In his volume on the Department of Ancachs he classed (13T3) as^ 
Cretaceous certain limestones with echinodenns, and other 

fossils. This seems to be correct as viewed in connection with the 
determination of the Cretaceous in other localities, where It Ctm- 
sists largely" of limestone and contains similar 

Tn his guulogieal sketches (1876) Aga^iz states that Mr- William 
Cliaridle*^, upon his return from the River Purus, presented him 
wriih fossil reniuins of llie highest interest and undoutKedly belong¬ 
ing to die CretnccouB, Tliey were collected on the River Aqiiiry, 
latitude south, longitude west, in localities i^arying 

from 430 to 650 feet above sea level* Among the materiah rmiaina 
of a 3iIorosanrus and of fishes were found* Chandless* that the 
material identified by Agassiz con:si&ted of two perfectly preserved 
vertebraj of Iforosuimis. ITiese arc the only vertebrate remaiits thus 

*"NoteB tne IUtlt Aqulrj^^ the erlaeJpaL affluent oC the PnruK," VVimaia 
Journal Bo^al Oeogr. Soe„, YaL 30, |i. m. 
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(t\r Ukention^d m from the Cretaceous of Peru. Il may not be 
improper to reHLiilh in thisi couiiectiori, that Forbes in di^^ciisein^ the 
Permian or Triaiisic of Bolivia swys that he was informed (hot w 
winplete Saurian head htid been e.vtnicied frtim tlio Ix^s and also 
some fa^il Ixmes and teetb- TliLs material ap|>ears never to liiive 
been studietl eritieolly and not even ii generic name bus l>«rn opplietL 

The AIe?K>Koie fos^lln ssent to G!i|]b by Ihdiiiondi were described 
(3S77) amd figured, but since then they have not been reviewed crit¬ 
ically niid studied in eotinectiuii wdth further collections^ excepting 
that the descriptiona have been referred to b 3 ^ Jatcr workers* Tho 
opinions which (iiibb ventured to give were not very definite, as 
would tin tii rally l^e I he case in dealing wdth meager and senttered 
coHecEionsL In several instances he simply stated the ago of tho 
bedxs aeconling to the opinion of finimondi. Gjibb gave witli his 
paper a synopsis of the Sou ill American iiwerlebnitc |}iilcoutology 
and a bibHogrophy of South .Vnierjcaii paleontolngy. 

A ntimlHT of fossils collected by Durfeltlt from lUo r^ial-l^arlng 
foriuation at ParialamliOy Perii^ and belonging to the Freiburg 
)fu.seum, w'ere stiitUcd by SteinmaiLii (1631) and determined as 
indicating the Alhien and marine origin of tlio beds. 

This wais the first paiper by Steinmann dealing critically with the 
paleoiitobigy of Peru. To him and his colaliorers we arc indebted 
for a number of sulisefiuent pa])ers w'hicU are publiJ^hed under his 
suiwn Uion as Contributions to the Geologj^ and Paleontology of 
South Amenca. 

The material from T^eru studied by Gerbardt {1897) coro-islpd of 
a block containing fossils from ^lorococlm (Pariataiid>o), lienL by 
Don Jose Barranca, of Lima, to Doctor Steinnmnn. By dissolving 
ibe stone in acid a annll fauna was obtained. The udditional fos^sils 
from the Strasburg MuFeum were tbo^^ collected by Beiss and Stubel 
from the SLime place. With this materiid ho was better able to 
determine the age of the beebt which Gabb had considered us TJussic 
and Steinmann had determined as Alhien on the Iwrder 1>etw^eeii 
upper and lower Cretaceous. Jle eonehides that the coaldjeartng 
licds of PuriutainlH:> are of morine origin, and that certainly in Alhien 
time in Peru a fauna reigned which was i^Iated to that of Euro] 3 e 
and nortli Africa* In studying the fosj^iis of A"eneKiieia lie ideiitified 
Ainm^niit^B A^idii Gabb from Peru with a Venezuela Lenticras, and 
so concluded tlmt the lower Seuon w^as present, in Peni. 

The paleontological paper on the Cretaceous of South America, by 
Paukko (19ra). in so fnr as it pertains to Peru, is a filling out of the 
fauna studied liy Gerhnrdt and extends our knowledge of the appn?r 
Cretiireoiis. Moprt of ih^ specimens were collectc<l by Kelss and 
Stnbel in I'ajamarea and Tiearby places in northern Peru, but some 
w'crc collected hy J. Bamberger. He found tho Senonian of the 
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Upper Cretiioeous representeiL lie iit fiumtiiin;j up concerning 
the lower Crchiceou^, tlmt in Peru the only liiglicst part of the lower 
CretacooiJH (the Alhieii) is certainly known mad the Netx^oiiujiri prob- 
iibly nitiy be pi^* *>jent. 

In viirioLifi htilletins'’ of the Corps? of Engineers? of Mine^ of Pern 
*F^ Brjivo hiis pnblisheiJ (deteiiniriiitJorm of Crrtnceoiis 
foi^ib and hos^ dci^ril>ecl some species. This is thn most Important 
w'oi k done in piiU'^Jiiiolfj^^ by n Pernvianp Through his eiTorts the 
corps in gradiaailly acquiring a collection of fossils and developing a 
piileoiitologic literatuie, Bravo has called attention to the fact that 
previously Pfluckcr y IlLcfj had collected fossils and given a relation® 
of localities and a list of fossils obtained in tho districts of YauU 
(JIortMroclia)^ but tho collections were lo^it. Ho also cites two iJpccks 
of Paeudo-cci'Titites from Yauli^ ilescribed by llyatt.^ 

Ill iy(J4 Ilabich^ In his rc|Kjrt fiii the nial deposits of ('hetTnis^ in the 
Provitjcc of CUajicaj-j** nieiilioi^ the finding of Cretaceous fot^siLi In 
limestones and plants in tho coaldjcnrhig betl& 

^^ilnlhlrly Malaga Santolalla (IIKM) found fod^ils in Ilualgayoc*^ 
olid concluded that the middle or upper part of the Crclaceoiis is 
rcpi'esented 11101 * 0 , He also g^vi^ ^ a list of fossils from the Province 
of Cajamartft described by various authors. 

In his Deport nn (he Province of Cokndini^ he Ukewisie ginjH u lUt 
of Cretaceouii fossils. Lisson (1905) collected a few fossils £ 1*010 near 
Choriilhis. Just south of and descrilMHl *■ s^me Annelid tnlies^ 

and a new species Pfuckeri and nxlescribes A'. Rahn&fidi- 

amis Gabh. 

In the wdnter of 1903^ Steinmaim Jtiaile sonic collections in the 
Cordillcr .1 east of Iduia and fioni the Ishiiul J^aii T^irens^o in front of 
Callao. Thi^ uiatcrjal was studied by Xcuiminn, who also included 
some focisils in the Hiinihurg Jluseiitn, from Lncha^ and the quebnula 
of llnaliauca. in the Pitivince of Ancadi-s, In hii^ report (1907) lie 
Ksiys dnit up to this time the Cretaceous was very incompletely 
known and that ncTOrding to hb knowletlgc no lower Crctaccons had 
Wn found. The fossil plants from i^an Lorenzo^ studied by Xcu- 

• nii]]t>tlap NiMi. 10 , 10 , ^ 1 . Sa, Sr>, dealing w(tU ibe rrovliiceii of CnjatnaUka, 
CiiJnti 4 aibjip [*ataE« iha dtstrlct of aiorococimt tlic l*rovlneefl af Jauja rLud llaaa- 

aiid tke i*r0 vluci' HiiaiiaicLartP^ rt»af[»t*cU voly^» 

subrv el dLstrlto nilcLurtil de Yaull, Aanalcst de Ooimt. CIvilne y du 
Minns ilel J'viii. Toaio 111, ISSIJ. 

^ Ppicadivt-tTatitt=* of tbo Cretnceoiis, r. s, iwwt Siiri-ey Monoarouti laai. 

^Bnl. lie t'aer|x> de Iiik* de Minas del E^ertj Xo, IS^ E. A. v, de llablch. 

*BtiL No. a 
f Sin]. No. Si. 
p Hill. No. 32. 

* Hoi. Ni>. 17^ Ejjs TJgi lilted del Salto del Flalle jr pilguaoti jkiaaerntla del 
Morro i5ol&r, Carlufti L Llsson. 
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mnnn, were found tci Ik K«ocomian ('n''€nldan) florn^ The faunn 
from San Urenzo was also referred to the Xeocomian. 'llte fauna 
frtim IlualluncB) Luchn, and Chaeo was found to be Allnen, willi the 
itotomngien (?) lowerO^nomian al^io reprof-ented atIluallaiica, The 
Santonien was deterniiiiGd at Abra do Clianilu (between f>foya and 
Tartiia), and from Lucha and Huallauca and Le Qitinuu. Tlie rich 
inatcrial described increased llie numlier of Senonhm fossik from 
Peru and contained some entirely new forms, wldle the Wealdan 
flora was the first found in South Amcricii. 

It will lie remembered tliat Steinmann (190C) has refeiTcd to the 
Cretaceous the Plica sandstone foiimitian, so named by him and 
which includes the Cora-Cora copper mines of Bolivliu This has 
already heen discussed under the heading of the Permian- The Puca 
sandstone extends into Peru. 

TKBTIABy. 

Afaritte Terttarjf of ihe Parripe cmH. 

The marine Tertiary of the sniithem coastal plains was described 
by Forbes who called it the « Tertiarj' and dilurial formation 

of the coast.” Tills formation is also shown in tlie section by 
d'Orbigiiy (1842) and by Pissis (183G), who, however, did not de- 
vote much attention to it. Aocoixling to Forbes the Tertiary eirtcnds 
inland from the stretch of low coast lying to the nortli of -Vrica, 
forming gently sloping plains which show eridence of undent sea 
tieaches. 1 ho plains are composed of sand, earth, and gravel, with 
abundant frugmenta of porphyritic rocks from the mountains ito the 
east-, I'orbes ment ions a truch^'tic volcanic formation secminglv con¬ 
temporaneous with the plains formation, which app<?nrs to buve been 
debited while they were still under water. This volcanic iiialGrial 
is in the form of tuffs and ashes and has subsequently been covered 
l*y oLtier deposits, 

III disetissing the saline deposits of the coastal plains (e,<fpecially 
in territory that now is in Chile) Forbes advances the idea that with 
tim exception of the bomcie-ncid compounds, tlie presence of w'liich 
is diio to volcanic causes, all the salines are such as would be left by 
evaporating water or by mutual reactions of saline matters thiLs 
left. Tills lacustrine hypothesis he afipHes to tlie nitrate deposits 
and stales that the chain of hilk to the west is such as might on 
e evation have inclosed a series of lagoons in tidal communication 
with the sea. for the saline deposits at high elevations he mdudt^ 
t le factor of rainfall and states that they are not so characteristic of 
the lagoon type as the lower deposibi near the coast. 

Tlic next reference to the Tertiary of the coast is coticcming tho 
formations in the noitheni coastal plains. iVnitmg the fossils sent 
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by HaimoTidi to Gahb tiiere a colWtion from Payta, Gabb, 
in addition to de^ribbg ihcni states that one set nf four 

or fire ^ipenimcns was tnado up of extinct forms, while the reinaindor 
appeared to be Pliocene, 

Orton (1870) mcDlioiis souie fo^l fihelb of liYing siieeie^ which 
lie collected from the blnflf at Payta iind whidi were determined by 
Gnbb. 

Tlie portion of tlie Tertiarj- fom'iations of the northern coastal 
plain lying between Payta and the Ecu a dorian frontier explored 
and described by Graybowski (1800). He travekd from Payta to 
Tnlara, thence to Tuinbi^ and up the Tumbes lliYor to Cai?cidero* 
from which place be returned to the coast. Ho made the followuig 
divisions of the Toniarr \ 

n locnie.-- _ _ ^Cfinislotnemte^ _^J>ftjta fnimntten. 

Upper -- 

jl^ndHtoac____^rrltos foramilqti. 

Lower -Bltiiailnuiind _Heatla fcrtnatlqn. 

Oliffoeciik^— -.-^UloroRl^iljlc and uiaftslve 

AnnaKtone. _Ovltma fnnisfl t Sod. 

He collected and described fossils from tbefie formations. The 
Oligocem't however, lie distiiijepiished more fn^in stmtlgruphic rela* 
lions them by fossils. The pfiper is accornpuiiicd by a sketch ttuip 
and sketch isections showing’ the localities where the formations were 
found. lie observed n granite outcrop at Kica Piaya, on the Tuinbe* 
Kiver, and called certain rocks in the region of Casadero Palei^totc, 
blit did not identify them by means of fossils. He regarded the Pale* 
ozoic as pushed up through the lirokcn Tertiary. At Payta lie noted 
a idiaic formation {no fossils) on whidi the Tertiary resis. 

Laatstnin: Tertiafy of the 

In the Bolivian Plateau d*C)rbigiiy (1842) deserilied an ancient 
alluvial and patniiean formation, tiie reiations of which are shown 
in the section aci^mpaiiyiiig his report, Plsis (1856) also showed 
this formation but with an interbedded stratum of volcanic tuff in 
the Titicaca basin region, 

Forbes (I860) described the same deposits under the mm© “De¬ 
luvial of the Interior-’ and explained that it varies from place to 
pl8«* according to the rocks from which it is dcriviid. In his section 
jio shows locally a bed of Irachytio tuff and explained that it is seen 
in tlie valley of La Paa, in Bolivia. 

.Agassis (J870), in the paper accompanying his hydrographic 
sketch of Lake Titicaca, noted the lake depOKit.s in the Titicaca basin 
and said that there are tcrrac® up to 300-100 feet above the present 
level of the lake^ and made some comments as to its former oxten- 
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sioii when at that atagi>. Tfie niftst defitiUc «f these com men Is la, 
Uiat Hi llie diPfctJoii of Put-arn (to the northwest) the lake reached 
toista. Ho nlso ri'niarked tJiaL Tiahmmaoo, which h ii riiin 

of u toniple older than the inca civUiaution, is Tfl foot flbore the 
pr^nt level of the lake. From Uds we mny jitrige tliat since tlio 
Indo-hiimanic period, as recorded by the oldest monument in the 
region, the hike has not fallen more thun To feet, 

III iouniej'ing to the dejiartmenui of Ilunucavidicfl and AyacneJm, 
Crosmer passed timnigii I he valley of Janjq, where he foinid ii for- 
mation which he coiisiriered (1S3£2) to have been formed iti nn inter- 
Andean lake about 30 niiles long iind from y to 1*2 miles wide. The 
dejioisitd are desoriiwd ns coiisLiting of dnvs und grave Is sudi iis 
would have bwn transported by sLroatns. I le cstimatctl the tliickiiess 
a t fiiiin 000 to TOO feet (200 to 300 meters). In the basi n of .V vacuchu 
he also found a Tertiary deposit consbting of marls and tulTM. Xo 
proof as to the ngts of these beds was given, but they wer-o ela^d ns 
Tertiniy from ihutt general i^lntiods. 

In his htiJletin on the Mineral Resources of the Provinces of ,ruiji’ii 
and Huaneayo,- Duenas (IDOG) saj-g that the valley of .Tanja was in 
former times the bottom of a great lake, which, by cutting the canyon 
which is its naliipul outlet, has gone dry. The liike deposits lie ron- 
sjde^ ty l» of glaco-niivial origin. He published two photographs 
j riy’r^lprTiices nu in ilicse dejMsiis. Duenas does not refer to the 
dci^ription of the lacustrine fomuitioD by Crosnter, with w’hich ha 
no doubt was familiar. The action of glaciers In connoction with 
fluvial action brings in a now fjietor to explain the origin of the beds. 
The author has seen a portion of the Janja Valley, and Is bclinwi 
to doubt that glaciers contributed directly to fom, the deposits, id- 
thniigh pr<Kiucts of glacial action were uiidoubtedly brought in by 
rivers. If, however, lake beds were all deposited during the glacial 
priod wo nvust refer them to the Pleistocene of the Quateruarv and 
not to the Tertiary, as was done by Crosnier. TTiis b a matter for 
further stuily. 

To the northwest of the Titicaca Basin, Duenas (lyoT) observed 
certarn depoaits fn the Department of Cuzco,* which he says 010 . prob- 
obly of luciistrinc origin, Tliey occur at several localities, differing 
considerably in rhameter. He mentions bods of luffs nnd n stratum 
of tripoli, in whicli he reported finding sponge spicules. Been use of 
finding the« spicnles he saj-s that one might be mduet^J to suppo^j 
Uiat in Tertiary times soutbem Peru was under the Pacific Ocean 
Tina IS an unfortuiiaie remark, since it is liable to be i«rpetnat«l in 
the titenuiire by I wing qu oted without .|uestioniiig whether spiciib^ 


* tkil. 4 lei Cuerfm do Injj. ,] e Ml tins ,\o. So. 

*As|)wta lllaeru ilel ticiartuientD del Ouarfi, Hoi del 
Mtaas del Peru No. Kt Enrique t, Duefiiis, looj. 
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of murine iq^onges nrc ndually prewnt in the dopesiLN. ^Ucliougli 
Ducfias finully accepts tho lacustrine tlioorj’ for tlio deposits, lie 
rather far when lie reniarks that it is nothing wonderful to suppose 
that Ljilco Titicaca once extended bto the Department of Cusco, 
troiii wlipt the writer has seen of tlie topogi'flphy it appears nlto- 
gdher improbable; and, moreover, die theory of local lakes would 
account hi a tiiere satisfactory manner for the ocetirrence of the for- 
mutjQTI!^, 

T^tiiiry the Amazm^^ 

James Drton, in his esiilomtions of tlie upper Amnion VallcT 
' collected some shells from Pebas, which he submitted to Gahb, who 
determinetl diem (1808) ns lata Tertiary. Because of die finding of 
these shells, Orton refuted the dniory of the glacial origin of the 
clays of the Amusson basin pwsentod by Agassiz and discussed later 
in this report. Orton (1870) gives a description of the exposures 
along his route of Imveh He says that along the Xapo River tiio 
only sjjot wliere the rocks are exposed is near Xapo vilinge, where 
l^re is a bed of dark fdato dipping easL Farther west, at the foot 
of t!ie Ecnnilorian Andes, the prevailing rock was found by him to 
be mica schist, Tlic entire Xapo country is covered witli an nlluidal 
bed on an uveriige 10 fwt thick. Tho fonnation of the hJulT near 
Pi'lias he deserilwd os consisting of fine laminated ckvs of many 
^Inrs, resting on a bwl of lignite or bitiiiiiinons shale and a conr^o 
iron-(!emented coiigloniernto. 

After Gabb de«crihcd tho collection of sheik from Pobos, a larger 
collection wos made by Mr. llauswell, a part fixini Pebas but most of 
thorn from SO miles liclow Pebas, at Pichua. Among them Conrad 
found {I8T0) seven speciea of Pachydou (Gabb),a genus wl.idi does 
not havo any living representative and is very different from anv 
exirting fre^-water genus. Ho sayu that it is not possible to statu 
without doubt what tho relative stratigraphic position of the group 
may bo, but if all the species are extinct it can not l« later than Ter¬ 
tiary, and tliat it may have livoil in fitsh or bruckiah water, but it is 
Certainly not of nmrjue origici^ 

made by Mr. Stevra at Pt*lwig was exainiriGd by Conrad 
(I8i4) who questioned llirre b.dn^r f^videijw uf tho mariiis oriffiu of 
the ^ 

QUxVTKiryAHy. 


Occu^MEnset or Ssow Feaiesl 

Humboldt, in his personal narrative (ISU), toilletl attention to tho 

the Xovada IluaylUlas in latitude 
I So and ChimborB7.tj m Ecuador. 

SS202—Sit 1D08-27 
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RaimonJi (ISTS), in speakiD^ of tlie Conlilltra Occkkiitnl, mys 
that snc)W are nutueroiis in BOiithem P«?rut but lluit the mo^t 

colossal and gigantic arc those in Hie portioit known ns tJio Cordil¬ 
lera Blnncn^ in the Department of Ancflchs. Cerro Hnndoy^ in front 
of Caraz^ is 6,833 meterti high, while tho bi cuspate moiintam Tluas- 
cflOj Avhich dominates Yuiigay, rise^ to an elevation of 8^668 meters 
in its northern peak and meters in its southern penk^ This is 
near the northerti termination of the perpetual s^ow^ He also states 
that Huavlillas is the most norther a snow peak in Peru. 

In tile Cordilleni Ckmtral and likewise in the Oriental there are 
snow peakH which are mentioned by many writei^, but tlniH far no * 
special study of the distribution of the perix*Lual snow- has been made, 

Tjik Ij^wm til u IT OP Pejipetuax. Show. 

Pentland I" 1830) made nunierons o!:»serviitions as to the CK^ciirreiice 
and lower limit of perpetual snow in southern Peru and in territory 
w'hieh ifi now* in Ik>livja, Tie placed the limit at 11^061 feet, and ar¬ 
rived at tho conclusion tliat it is higiicr than would naturally be 
expected and especiaUy wdion oompaml with peiks np^arer tho 
Efjnator, He attefapted to explain this unoipaly os duo to aridity 
and excesssive evaporatioti. Ramiondi (18T1>) hai^ given 14,^700 feet 
fts the average of the lowest limits in tlw Department of Ancachs. 
In the Corililleras^ in the sjouthem part of Pern, he places the limit 
at 15,100 fact or more. Ho coinwicmted on the previous observations 
and explained that there scorns to be a considerable error in Pent- 
liind'a determinations of altitudes and considers the d«luctions froiu 
diem as crroia^ousv Raimondi gives die followdng tabic of the gou- 
emlly admitted elevation of the lower limits of iM?r|>etii!il snow: 
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CtUAClATlON. 

After examining the evidences of glaciation in Bolivia nnd south¬ 
ern Peru, Hanihal “ (19W) in n short notice gave as bk opinion that 
climatic conditions similar to those of the present prev'^ailed during 
the glacial period, but that a lower iempenitnre, due to cosmic causes, 
gave rise to glaciers from certain centers, and that there was no gen¬ 
eral gladiition. 

Duehas {1307),in hk report on die Department of Cuzco, examiueil 
the glaciated mass of igneous rock know n aa the Rodadero ” on tho 

“Qnpirrnre veruJemcriminjyr Uer la m^TiTlen nml Pcni, fLlr 

gletsclierkuiolet Band 1. HijH % Seutemberp llWy p. 200; 
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hill abore the town of Cuzco, and expressed hie opinion tluit tlio 
whole vdllf^’ in which Cuzco lies was occupied b3'' it glacier. The 
evidence given for iso great a glacier ia not quite so complete as 
might be wished, at knat its lowest limit should be determined. Ac¬ 
cording to pnefins the elevation of the Eodndcro is 3,000 meters; the 
pixsent limit of perpetual imow in tJiat region is at 4,300 meters, and 
Cuzco is at meters. 

Undoubtedly the limit of i^erjictiuil snow was much lower during 
the glacial period. Just, how much, lower, is a question deserving of 
study, Eaiinondi hns noted {IfirS) the occurrence of moraines it7iic]i 
below the present anow lino in the Cordillera 13kmm. 

At tiuiny places near the snow holds uhandoued cirques mnv he 
seen below the limits of the iieriwtual snow aiul tho dimiiintivo 
glaciers of the present time. The writer has fitndied the glacier 
beds and luomincs in the vicinity of Poto to tho nortli of Lake 
1 iticaiMi ill tho Cordillera Oriental and has estimated that in the 
glacial jjeriotl tJie ieo fields extended ttboiit :i,5D0 feet lower thim tho 
jjresent glaciers,* 

of the ctimi, 

r>££t:iivATJD7r4^ at Sax iAiii.F^s:o Ji^laxo by IJaaivih. 

Ill ISSr. Darwin visited Peru and landed Jit Callao, but liecause of 
tlio troubled imlitical condition he saw but liitlc of I he coiintrj'. He 
reported finding on San I^Kircnzo Island, in from of the ba 3 % thtro 
obscure teiruccs, the lower onu of which, at n height of 85 feet aliovo 
the sea, is covered by a Ijod n mile iti longtli almost wholly composed 
of shells of 18 Rpcciea now living in the adjoining sett, lie found a 
bed of moi^ weathered shells at uii elevation of ITO feet, .\inong tho 
siiclls at 85 feet iiljove the sen bo found ssoine thread, plaited ritshes, 
and tho head of a stalk of Indiaii coni, l-'rom thenc faubi he ctm- 
cluilcs thut within the Inclo-hnnian period lliere hies Ijcen an ekvntinn 
of 85 feet. [These observations by Darwin liave licen often quoted, 
nnd only last year an excursion composed of professors and students 
from the School of Mini's at Lima visited the island to study these 
ti^ices, and failed to reach a ddinite opinion in rt^gard to the value 
of Dun^-j^j^s CDDi^liisioDS,] 


Qbseeli'atich^s at Sax LomESMJ rftf.AXTJ by Daxa* 

Fortnnatdy, the views of Darwin have lieon competently criticized 
b> Dana, who (1840) visit ed die locality as a member of the Wilkes 

-In aorUiem Bolivta Arthur V. Wcndi Iuir ii^,t the Riaeiets ot 

w To’7 T' ® a I “t* eJiiVulka gf utwui 

jm ana anciifat gkrlem reaiclicd down m 15,000 f«t. (Proc. 

-^>r. lart. MIntn* Knp.. JNM, tO, p. A|n,«ii* (1S«S), U JmX 

muernlK-^, rcpimrf clajw au.l def^slta of the Amazen Vaiiii 

ns hut tutor lilpi errur* ^ 
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expcdStioo, Ills ivritiiigs on tliis qucstioD 5ccm to have been over^ 
loob^, or are at least not sso well known an lUose of Darwin. He 
doubts tlio conoUiJ^ions of Darwin, and my^ tbat tlio San I^orenm 
shells are in an Irregular bed and not stmlifieiL but are spread out 
just uuden>eath the soil, and» moreover, there is an absence of an 
iiuier cliff on tlie island, and noLbing w'as seen wliidi eould confi¬ 
dently 1>B referred to as temices- He studied the sea cliff on the front 
of the delta fonuatjon to the south of Callao at a place where it Li 
from If) to feet high. In this diff he found remnants of trees aiidj 
in an upper layer, comminuted recent shells. He iTgnrds tliis cliff 
m furnishing oddeuce of nn elevation since the beiis were deposited, 
but says that to fix the time may require some further attention than 
tlie facts cibservefL 

Pnxuiiwiic jHitEAic Vellagc at jVefeaii. 

A jjliort distance to the north of Callao is the small jMirl of Ancon. 
Archeologic rcs*uirches have made known to m the very Interesting 
remains of a ffstiing town of at leaiit greait antiquity. These remains 
and especially the Interred mummies are but a few feet above the 
present beadi. The provindty of Ancon to Callao prtfdiudcs the 
probalulity that an elevation of Uie coast at Callao which would 
Iiave raisctl San Lorejuio Island feet would not have affected 
Ajicoiit and the writer wishos to adduce this as the most definite 
prcif>f nhtailiable that the coast in that vicinity has remained nearly 
stationary during the Indti-humaii [period. 

OltKicaVATlOPTB AT AWCA UV FhEYI!!* 

In a letter to Charles Lyell/ Lieutenant Freyer says tliat to tho 
south of the Morro of Arica, on indistinct terruciesi, wherever the 
rock ia exposal there are Balatii and encrusting jJ^tilleporji, and that 
at a height of nlwut 20 to 30 fet^t they are as abundant and almo^ 
as pi.Tfect as at tho shore. At upwards of &0 feet they still oeepr, 
but are aliradtHl liy the blowing sand, and there, are truces of them 
at still greater heights. 

OrcStaVATIDPTB AT A»ica bt Foiuies. 

From Mejillonc^ in Chile, northward to Arica Forb^ found at 
intervals shell Iwds containing exehisively shells of species now in¬ 
habiting thef^e water?!. The^Jc sJiells? are at J^mall intervals above the 
sn*a, hut do laoFreach a height of 40 feet lie stated that he was not 
sucKsssful in finding Balani and MiUeporas attached to the sides 
of die Alorro of Arica, and argues that rin very pcrccptiblo elevation 


«GeoL Froc.^ VuL n, p ITii, ttubUaliea ISSSi 
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can Uave Ijik^.n place during three hundred nnJ fifty yoara is 
sliown by the position of Indian tumuli. He called attention to hoiv 
shells may I»e transported inland by human ageucies.p by birdR, wind^ 
and drifting satids^ and ndnseH caution in accepting the mere pn^- 
ence of slielLs ms a pniof of ete^'athJUp 

Oa&iciLVATiuN^ js A>aTiitii?s Cnu.*s nv AnA^aisa A:fu I*. F. rouarAiJca, 

In line wilh the statements hy lieutenant Freyer it may l>e noted 
that in northern Chile, in a rarine 20 miles inland from Pisagua at 
Bi^ringiiela (at Tilibiche) ^ at an elevation of ft^ly " recent 

corals*^ u’eri! found by who that they indicate mi 

inland sea conneeted with the Pacific Oceiint and that them is nc- 
oordingly reai^n to believe that the continent has \mm mised within 
IX comijanitiveiy recent jjeriod.” 

TJie corals were deserihed by Pourtales. It is stated that tliey 
were foasiJb^ into a compact limestone and conaLsted of two now 
species. One was referrctl to a genus not represented in any lower 
strata than the Tertiary, mid is not now living on the Faeifie coast 
of America, The other species was referrod to a genus which had 
up to that time lieoii di^ribed oidj from frurassic tiud Trijissic 
formations. 

The writer wishes to call attention to the fact tjiat: the fossils do 
not date the comparatively recent period and do not furnish evi¬ 
dence which is cotiviiidng than the rehitiona nf the Tertiary 

sedimciiLs, whi<li are widely distributed in llio regicuu 

ILvrm Keconnaissance of the TnETiAtn anu Quatwinahy^ of the 

Co.IlSt, 

The writer in traveling tlirough Uio coast of Peru sludying the 
gwdogy in relation to the undergroujid waters, observed the occur¬ 
rence and diirtribillion of the Tertiary formations in far tis was 
possible in the time allottetl to his work^ and has ontUncd the occur¬ 
rence of the formations in Ihe hiillctiiishy him publishcil by the Corps 
of Engineers of Minfs of Perm From what he lias Yvritten the 
foDowing summary, ivhicli includes a few nioclilieations, is presented 
Yvith the hoiMs tlnit future observeni may use it to coriwt and amplify 
a knowledge of the subject. 

TtarriAitY of thie nohtiieen coastal fl.ylx. 

The Afnotape 

This name was given to the formations which are e^rposed n^ar 
tlie villfige of Amotapi*. which is situated in the valley of the Cbira 
Itiver and is particularly weU seen in the western end of the Brea 
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or AmatAp(>. hiUs (see pi, 2). The lithologic charucLcni of the 
Led* viiry considerably, consjating of shales, snndstoncs, conglomer¬ 
ates, and in some plaoea b«h filled with shells and oceastenallj 
there are coral reefs, The changes observed in the nature of the 
formation are due to the varying distance from the shore nt which 
they were deposited and to the deepening and shallowing of the 
water during the time of sedimentation. It is probable that the 
materials were derived from the mountainous urea a'hloh during 
Tertiaiy time formed the ocean shore to tlie east, approximately 
where now are die foothills of the ,i^des. 

The strata of the formation are not much lithlficd and tlie slmlcs 
and sandstones pnido into each other and into cciuglonierates. In 
Ihe^ Hifa hills the Amolnjie fornintion has been ujilifted in an 
iinticlinc, giving gooil exposures where the stream volleys have been 
ertaled. Tin? thickness of the beds lias not Iwen studied carefully', 
hut from the outcrops seen it is safe to say dint on the average it is 
not less than l.fXXl meters, although the thickness mfiy bo much less 
in some places nnd greater in others, riependiug upon the dislnnce 
from die Terliarj'' shore, 

Fassilg lire ve^ abimdont imd well preserved at many places, one 
of the most noticealjlc being a large oyster ivhich is found in such 
great nimihers that it is used loenlly for burniug lime, 

Tlie principnl mineral substance wbich is exploited at the present 
lime is petroleum, of wbicji tliere are snperJlicla] indications at two 
places called lo Brea nnd la Breitn. Tlic productive localities are 
Negritos, Lobitos, and ZniritiK located on the coast. Besides these 
some prospecting has been done fnrlliei- inkn J. It has been reported 
diut coal has been fotitid nt various localities within the limits of 
dus foniiatbn. Tlmt which the writer exainined at Bahia do la t’ruz 
is a lignite, and prospecting failetl to reveal n bed of any importance, 
Ihe writer has been Bisured that north of ,' 3 iil]ann, at the base of 
the Brea hills, a goial (juality of lignite Jitts Ixt-n found nnd of suf- 
ficiftit thickiicfs to warrant its extraction* However, the bed has 
never been worked and further exploration would Iw necessary to 
jirove Its commercial value, ll.c .Vmotape formation contains va¬ 
rious mineral salts, especially gypsum, which render die water 
eJuamed from it unfit for domesfic uses. Tlie formation extends 
Ihronghout the plains reglou from the Ecuadorian border southwanl 
into dm table-land to the east of Pita, Uudonbtediv it extends far- 
tlier soutli, hut the exposures are obscumi by drifting sands and 

y •'’"F be noted in this eon- 

- on III o 111 hiu g^loj^e map of EciiJidor hag ortonecHiHlv 
maitriiUK n fonnatlou in tin. pkins rejjiou to ihe uortJi of the 
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In the Brea hills the formation has been tlirown tip in an anti^ 
clina To the south in the plains region the formtition is relatively 
horissontaL To the north of the liiJls there are steep dips and local 
foldsp These may be well s^n along the vnlley of the Tiuubez River 
and in the stream which eniptlee hito the oceani at Boca de Pan, It 
is interesting to note that the dirertinii of the Brea hiUs ts almost at 
Tight angles to the trend of the Andes and parallel with the border 
of tlie Gulf of Guayaquil and with the coast of the Province of 
Tumbez, which f6mis die southern part of the Gulf of GuayaquiL 
Moreovor, tlie direction of the dips to the north of the range of 
hills suggests that the folding which produced them was actuated 
from the north. 

The writer has not examined the axis of the range, but has been 
as^red by travolcj^i tliat it contains igneous rocks. Where the 
Tumbez Valley merges from the flank of the hills there are some ex¬ 
posures of granite, wjiich the writer saw and the prince of which 
was also noted hy Grzybowski, but this granite may be older than 
the Teiliaiy. The anticlinal structure of the range of hills may 
be duo to the eruption of igneous rocks which form the axis, but the 
writer did not see anything to indicate this at their western Lerjiii- 
nation, and he is inclined to believe that it should be correlated with 
the sub^denee which produced the embaymeut of tbe coast in the 
region of the Gulf of GuayaqTiiU 

Grzybowski was the first to study the Amotnpe formation, and 
what the writer has included under the name Atnotapo formation ” 
1ms been divided by Graybowski into the lleuth stagCt which he 
calk “ Lower ilioeeiie,” and nlwve it the Zorritos and Talara stages, 
which he calls ^ Upper Jlioccne,” He also identified ^ pritici pally 
upcm stratigraphic grounds, the Ovibos stage, which he refers to 
the OligocenfiL The. exposures which he moluded in this atuge Imve 
not been seen by the writer, who regrets that ho did not huve access 
to Crzybowskt^'s paper until after hk own mamiseript was writtem 
It will be remembered that Raimondi stait some fossils from Paita 
to Gfibb for determination; the locadlties from which they were 
collected w^ere unfortunately not sufficiently specific to show whetber 
iliey were from the Amotape formation or not* A collection of fos- 
fcdk from Zorritos was also described by Kekon, who made no special 
determination of their age other than late Tertiary, os sugg^ted by 
the title of hb paper^ 

Plhceni? formation at Paifa, 

In the sea diff at the port of Paita the writer observed two for^ 
muiion^ separated by an unconformity. The lower he considered to 
lie t!ie Amotape. The upfjer conrista principally of sand in imperfect 
sand^one^ Wlieii he boarded the isteamcr in the bay the writer mode 
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41 jiketch 5) of tlie n?lfttion tjf two 
foritmtiom, 1113d upcsu smiling saut]iwai%l made 
a simitar likc^ch (fig. IJ) showing ihe r^Lalioii^ 
of the i>Dd as seen after rounding the point* 
TJie presence of the bubonic plague at Paita 
during the writers viajU and eapociaJly the 
establishing of the hospital to the west of the 
toivm prevented u thurongh e,\nniLnation of the 
loraility. Grzybowaki^ in hU artidoj m^ntiuiv^ 
f^mie slmles eiifc by minute C|L]|irt/, veins which 
he found outcmp|jing to the wes^t of Paitu near 
Paita l^ointi These shales^ which were not well 
seen by the writer, were Jncliided by liiui in 
his sketch as a part of the Ainota[H; formation 
Ttie division l>etweeii the ^iVmotape and upper 
formation shown in the sketch corresponds nji- 
pro,\imatdy willi the dividing lino lietweiui the 
shales and sandstones of Grzy1>owski‘s section 
at Paita (ijg, 7}. Gntyljowski has described 
w'hat he calls the Puit^i stage ^ fixmi the 
Itozaiity 111 Paita I and if it had not been for 
this the writer would apply the name Paita 
foiTiiation to the upper one, wliich ho has 
diffei-entiated* 

Tin? age of the beds at PaiUi was not well 
detenu ined by llie whicli Gabb n^c^^ived* 

He states that some of the fossils were estJiict 
fonnSj and tbal the remainder appeared to be 
1 liocone; Grzybowfeki assigned the Pliocene, 
age to his Paita stagi’. The writer thinks that 
the unconfomdty which be hm shown in his 
seLtion is unmistEikable^ and that according]v 
he would call tlie upjier lieds Plita'Cne* The 
client i>f tills format ion has not liecn deter- 
niined with certainty, but it appiirentlv occii- 
pu-s the iipix^r portion of the talilcdand of 
Paita. To the north, in the plains around hi 
rc^a hi^s^ it is not to be found in exterbiive 
4in?a.s, since tlie good exposures which were 
all belong to the Amotape formation. 
The Prea hiHs were perhaps above the level 
of the sea during the tinu* it was deposited, 
ft may tw more appropriately expected south- 
wartb underlying tlie desert of Scebura. 



'’Orlj^tual ilpurt' ia Svn^ Jnln-aucli ftlr 
Xt'I* tly. 1, 


^iaeraJOfle, Bulluyuboud XI1, I']. 
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TEBTIAHI' (IF THE K(IIT1I l^ENTRJlL WA8TAL PlUAlN. 


T At- Pigi^o fitrimU&iu 

lo^r hills to tliu norlL of Pisco, which is colled “ Gorro do 
Tim " (ui{?anini> duilb), thort* are exposed white and yellowish rocks 
which have a crtkanHJils aspect niifdi like chalk (scse pi I) At 
the end of the brid^ over the Pisc-o River they may also U-'sceii, 
imd lit this place they have steep dips iitid strike to the northwest 
1 Ills structure is eoijiinued into Cknx) de Tiisa, and crosses the Pisco 
River to the south until the rocks difiapijcar bneiith the santls of 
the pbiiiB toward lea. ilany outcrops of this fomiatjon miiy ha 
seen, esp^ially in tlie lalidsc-ape to the south of the railroad stutimi 
fit miJt" Is, l>ul tlu- bttk wfo practieaJlv horijs^mtiiL In ilw lea 
Kiver valley the same fonmition is found lesting on igneous and older 
stratified and inetmnorphic rocks. In a hill to tlio w(^t of the 
Hocjcnda Ocueajc, in a hill called •^Cerm Illuiica." the writer 
tJiu remains of a wJiale embedded m the Pisco foniiatioii. Tbcrc 



Fm. 7.—gn^clJoii ml Palta. by 




thers m winch phosphate noduieu occur, but to an e.xtent so limiteil 
that they have no ^nimercial valuer Farther south in il.e valley 
of he Rio Orande the P.sco formation is cut by the canyon of that 

Tm ? V of the Ilio Grande which flow past Palpn 

nnd Najica have cut deep valleys, in the walla of which the formu’ 
tioya sjen to contain a mixture of rounded atoms in a matrix of 
i.^nd and clay matonals, but with a siiflicieiit amount of the white 
ohall^ niatter which clmraeterixtei the formutioti to demonstrate 
that It IS only a Iittonil plmsse of the Pisco formation. 

The Piseu formation is also found in the plains to the east of the 
lion of T^mim, where the i^mains of a whale were seen bv the writer, 

rTne 1 1?'' / '"’f 1^’“^ “ ™°gl^nieratc. of nm- 

fine shells was found. To the southward the plains narrow and the 

tnoiiLiaius come to the seacoast. but at Chain there is u small area 
davs the beds consist largely of variegated 

In the northern part of the plains, to (he cast of the Cafmte, the 
Pisco formation was found presenting a Uttorul phase, but containing 
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some of the ivhite chalk material find some beds of impure eonciee- 
tioisnrj limestones similur to wbiit ot^eiirred at the type locality near 
Pisco. The so-calliHl chalk matena] v^m analyzed by the Corps of 
En^neer^ of Clines and found to eonEist i^rinclpnll}* of sUiCft, witli 
sina!1 aiTiounU of lime and alumina. A microscopic c^amltmtiun 
allowed it to contain many diatoms and wlmi appeared to Ih) voh 
cnnic asli. 

In travelinif by steamer from Pisco to Lomas the PUeo formation 
can tie seen forming tlie sea iiWSbi and rising to the table hind of Ico. 

Although fossiLs have tiecn found; tliey have not been studied 
critically^ The age of the PLsco fonnation is not surely known. Tlie 
writer has asgignetl it to the Pliocene pmA lsionally, since it is over- 
lain by deposits which arc iirobahly of Pleistocene agt^ and tliere is 
Jiu iIIfui'ination which shows the necessity of assigning iL to un 
earlier time. 

TEirriARV or Tllt: sot TIIKJEN <XJAtiTAl, 

The writer has given this name to the formation wliich ciccupic^ 
the simdieni coastal plains^ It lias In^n tlcscril>cd locally^ by Forbids 
and others, as already mentioned in this paper; but no one had 
journeyed suflieieiitly over the plaiiL^ to learn that it was coextensive 
with tlieim The ^flrata wUieh tonstitute it cun la* studied coiiveii- 
Jently in ttie valley of the MiXiucgnu Jlivei% (specially near the town 
of the siitoe namcw It is also well expiised in the valleys of all the 
streams wdiich croe^ the plains^ ^iure they have cut deep canyons. 
The eastern limit of the formation i« at the foothills of tlie AndeS; 
and the western limit is formed by the chain of coast lulls. It 
reaches to the Pacilic Ocean in the interval between the coast hills 
of Peru and the Morro of Arica* wluch is the northern exti’emitv of 
the coast lulls of Chile. The character of the rocks which comstkiite 
the Moquegiia formation has la>en well outlined by Forlies. Thev 
consist of sands with some clayS; a large iinantity of detvital material 
derived from igneous rmrks. hut r^ipecially noticeable nre the thick 
lietla of vedeonic material which apjx-ar to tiavo been ik-|>nsited in 
water and interbedded with sands. In the valley of the Biver Vitor, 
which descends from the Andes paijt. the volcano Alisti which is 
Iwttlcd near Ariquipa* lieds of lava may Ih^ seen which have de¬ 
scended from the vok-ano ami extended over the plaiie^ wliem they 
form a capping on the Moiiueguii formation. The age of tliv volcanic 
nx-ks b not certainly known, ami there lias Ih-cii no oppurluiiiiy to 
dotermuie the age of the Muqiiegiia fonuution. since no fossils have 
been found* It is gtUierally stated that the volcanoes of southern 
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Peru begun their ueiivjty in Ter- 
tiur>' times ^nd of them aro 
at ill active^ although no great 
lara flows hav& come from Uiem 
in troetat times. The writer 
liEks provisionally assigned the 
Pliocena age to the Moquegua 
formation^ thus tnnking it coti- 
temporuneciTis with the Pisco 
fornuition to the north. There 
appears to be no reason for con¬ 
sidering it aa of greater age^ and 
ill outlining die history of ilic 
coast the Pliocene age seems for 
the present satisfactory. 

Tfie tliiektiess of the Moquegna 
formation is variable, since it was 
apparently dejxisited in a trouglr 
lietwmi the coast hills and the 
fcxJthiIJs of the Andos (see fig. 
8)» From mc»asurefuents made in 
sfjnie of the caiiypnE^ a Lhicknesst 
of t/iOO feet mar he aasigneil- 

QtrATCaxARY osiYJsrrs. 

Plei^tfieene. 

TjIK PaCAHUAYO FOBUATIOJf^ 

At Pacjiifiiiayo, in the southeni 
part ijf the northern coastal 
plains, the sea cliff consists of 
stmtified conglomerates niLYCit 
wi t h sand and occasions I day 
beds (sec pL 3), The formation ia 
also wed c^spofied at the mouth of 
the dequetepeque and along that 
inhmcL At Eten the sea 
cliff consists of a hoinog^^neous 
sandy day* To tlio north of Eton 
for a coiisiderahle distance the 
coast IB low near the shore and 
there are no good ejtposjurc^ fjo 
that the writer has not been able 
to trace the Pacastuayo formation 
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further in thist dinKtion. To the south of Pactas- 
niiiyo the constu! plums narrow until tlie motmljimg 
descend to the shore :soutli ijj the valley of ntii* 
Throughout Ltiis extent the Piicasmayo forrriiitioii 
is represented in its virions pha^ses. The age and 
relations of this fortnatJon will lie more clearly 
uiidcrslocK] when It is considered in connection with 
the BnrrancD fnnnation next to be dcsscribed, with 
which it has been corrclatetl (see % t>}. It is to 
be I'egrcttcd tluit in the region of the Rechnni desert 
the relations of the Tertiary formations nf the noilU- 
cm part of the northern coastal plains and the 
Tacasmayo of the soutiiern portion ave obscured by 
the drifting aands« which oblitemtc^s any exposures 
which might otherwise |)e seen in this ansa of slight 
relief. 

BARHA.TCa PoaMAT10?r. 


At the valleys of the Pativilca* HiiQura, Chancay, 
iijid Riiiiiiv rivers llierp nre sen cliffs cut in wliiit 
lippcnr trt l» raised delta forniutions. In other rah 
leys to the smith and nnrtli stualtcr areo-f of a 
sinnlar formation may Iw seen (see pi. 4), At 
Tatriho de llora (he sea cliff has ihe same chnmcter 
as at die mouths of the rivers, but there the foniia^ 
tion Bitctids inland niul northward eontimiouslv to 
the volley of the Canete. Tlie writer regards this 
area, which constitutes n part of the soiith-centrel 
coastal plains, as funuahing the key to the proper 
iinderstanding of the Itarranco formation. It un¬ 
doubtedly lies upon tile Pisco fonuatian. although 
its rclfltions to the latter south of the Chindin River 
ore not very dear because of the intervention of 
the wide stream vnUcy. Its relation to the Pisco 
formation may also be seen in the Ganetc Valley. 
Tile character of the materials and the degree of 
cementation in the Pacasmayo anil Rarnmeo forma¬ 
tions is similar. 

Mo fossilfl have been found with the ejtcep- 
tion of eotn mi noted dielJs and occiisionai branches 
of trees. Tlie writer has assigned the Pleistocene 
age to these deposits and would correlate the coarse 
sediments and bowlders which have been deposited 
in the form and structure of ddtas with the in- 
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creased volume of Ujo iiiferims and the ert^iioix wlu<it ucooiii- 
panied ihe glacial periods* 

HZCZNT POailATlONfl OV THE rOABT. 

The recent formations consist principally of mnterialB tmnsported 
by the rivers and deposited at their deltas and of the ^vind-blotvn 
Hands which sweep over the coastal plains* In addition there ai^e 
placiHs along the coast where the materials ert>ded by wave action 
and traiLS|>orted by oeeiin have acoiunulated in the form of 

recent betiche^k The l>eaches here referred to should not be con¬ 
founded with ihe raised beaches^ which will be di*5cussi?d later in thLs 
paper. Tlio deltas of the coast are usually nn-^^mmetrical because 
of the norlhw'iird direction of the coast enrrenb^ In many cases 
ilir deltas blend with the recent Ijeaches^ due to marino action. The 
delta of the TiindH'^* River^ which is the lllJtthcrtllTlo^ 5 i of the. coast, 
lies in front nf a clearly dehned sea cliC *Sindlarly the delta of the 
Chini River blends with the ipcent sea l)eachca lying in front of a 
sea cl lift which extends from the mouth of the river northward to 
ISegriiirk 

The remaining rivers of the northern coastal plains do not have 
deltas worthy of special mentioiu In llic extent of mountflinous 
coast between the northern cfKistal plains and the i^nth central 
coaslal plains there are a numbe^r of localitieH where rec^^nt lieuches 
may l>e found, and in this part of the const the Qua ternary and 
Tertiary deposits already described are iihsenU 

'i’o the naiih of the Santa River there is an area of recent tjcaches 
in which salt is manufactured by evaporation, tho brine 1>eing ob¬ 
tained by digging sjinlhiw pitSj into which it filters. The area of the 
beaches is extensive* and the slight depth to the smlt w'^ater indicates 
the fact that they are but sJigliily above sea level. The miiterials 
which have aecumulate<J and formed the beaches have largely been 
brought by the Santa River and drifteti northward by the ocean 
currents. The inuuedmte delta of the Santa River has extended ■in¬ 
ward and so coniiectefl an i.Hhmd with the mainland. In Chimbote 
find Samanco harboi^ one nmy see an urea of drowned mnimtamous 
const. At some former tinio the two bays were one. but the accumu¬ 
lation of sand has formed ii bar and connectCfl one of the larger 
islands wiLli (he mainlaml. The front of the niLsed delta of the 
Rimao River, on which Lima, the pita I of the country^ is located, 
has Ijeen largely cut away by marine erosion, and the ciirrents bavo 
drifted the materials norlhw-ard, forming tlie spit of land called k 
Punta, whitXi k a feature of the harbor of Callao. This spit is 

■* A description of Uie Xllaiac delta hy the aat hor mny be found In Bulletin 
!Na. 33 of the Corps of Knglp eetB of ^itaea cf Pen^ pnbUahc^ in iiXKk 
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^flduolly extending, and lying between it and the island of Sfin 
Loraiuo them is now n Unk on which Uie waves hreak. The nltiiiuite 
outeouiu of this process may be a connection between the mainland 
and Sun Ijoi^ixo Island. 

At Port Cerro Azul the rodij’ pronionton'' which protects the 
port was once an bland. It has been connect^ with the tnainhind 
by the growtii of the delta of the Cafiete Itiver, Similarly Uiere are 
a miitilK-r ofdelU deptjsits and recent l^euches in the Mndhcrn part of 
the coiijjt. In riding on a train from iilolk-ndo along the beach before 
the ascent of the rouge of coast hUls h made one may seo mcent con¬ 
glomerates, which have liecn portiaJly eroded, ond' marine beaches 
in process of formation. 

The material transimrtftl by the winds liaa in places accunojiated 
in ureas of «rad dunes which are moving with the geiicnil direction 
of the wind, hot the more common condition is lo llnd the sand form¬ 
ing a mantle oil Uie hill slopes and rvamding the contours of the hilL?, 
mueI ithm rjking w-ell up oji tin* tJidcs unrt in soino eo^es tvoii to tbo 
ciTpfts of the nioimtaina. The most extensive area of drifting sand is 
to Iw found in the Scchura Desert and the plains to the east of Pinra. 
In the Intter place the sand is held hy a sparse growth of droiith- 
lesisting trees and hushes. The height of this drifting sand ns seen 
in the toiMjgruphy of the couiilry reaches jierliapa L»00 feet, but proof 
of its great thickness was obtuimnl when a well wan drilled in it 
The drillers could hurdly Is, expected to distinguish the point at 
whicli they pu.>^ out of tla- wind-drifted sand, but they fuumi 
nothing blit sand ami had no difliciilty in driving the casing of thu 
wtf II tdi II ihpih of SfuntHhing ovt-r 3,000 fpot. 

If one refers to the iimii of the coimt of Pern and observes the con- 
figuration of the coast in the region of the desert of Sciiiurn, lie will 
^ that the dinwtion changes more to the west so that tiio winds hlow- 
mg frtini the Pacific linve a clean sweep over the desert, and the satnl 
IS earned inland hv the winds in a nearly nurtheni direction. It is 
this fact which accounts for tlm low relief near the coied where the 
sand has licen derived and the great thickness of tlio Aeolian deposits 
tu the enst Piura, ^ 

In the south central coa.sl«l plains there is a conspicuous area of 
solid hdls between Icn and Pisco; also some smaller ones to the west 
of Ida and Pnlpa. Them* are nummius areas of migrating sand liills 
in Ihe flouthern coastal plains, but none of tlie dunes attain grtmt alti¬ 
tudes, Iho surface of the plain is hard and the sand moves Li crescentic 
dimes as over a fioor. These dunes may be sceji from the railway Jn 
traveling from Mollendo to Aririuipn and are one of the sights iisiillv 
rememlicrcd by the traveler. Mixed with the siand which drifts over 
the Hiiithcrn coastal ploim* there is a large amount of white volcanic 
ash or autid derived from volcanic materials. 
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The action of the sea in cutting cliffy may be obserred along 
the coast of the northorn coastal plaint^ wlicre the Tertiary fornm- 
tions at many places rLse in sheer hlulTs. The pnK^ has been 
in operation at otbor places on tlie coast wIicFe elevation has taken 
place and the editing action of Hie sea is displajeil in a succession of 
[iiarliie Icrruccs* Tbc^'^ are especially noticeable on the coast between 
Pis^’io and Lomas, where the Pisco fonuatiim displays iipproximately 
ten distinct terraces rising to a height of ijediaps 1,000 feeU ,Uong 



Hie southern part of the Peruvian coast in front of the range of eoaut 
hills whert^ the rivers have cut their caiiyotis tbrimglu there are ter¬ 
races in the igtuKiiis rficks which constitute (he hitb and also in the 
remnants of what were once delta fortnatioas of these stix^ms. The 
terraces at the mouth of the (>cona Riverj as seen by the writer and 
ineasureil with an smcroiih rcj>r$sonted in the following sketch 
<Kg, 10). Thu upper terrace at Ot^m is Hia highest ono widch was 
found on the coa^^ 



Tlic railroad station. TamlKi near Mollendo^ on the Southern Rail¬ 
way, has an election of 1,000 feet luid is situated on the north side of 
tli 0 River Tomho near its mouihf on an extensive termco which must 
have attracted the Attention of many travelers, altliougli its origin is 
not explained in any scientific article which has come to Hie writer^a 
notice. 

Tlie ternices souHi of the Ilo RL’er, near lia mouth, are indicated in 
Hie above sketch (lig. It). 
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rnqidcntally it may be stild that at the 
metitJi of the canyod just north of Piaagua 
in ClsUe ^imiJaf terracej; may lie a^jen, tlio 
upper one busing at iin elevation of some¬ 
thing more Lhan 1^000 feet. 

Thf^ terra era j taken tfjgetlior ^itli the 
elevation at which tlie Pliocene Tertiary' 
fesrmations on tho coast are found, record 
tiir rising of the land. Accordingly^ the 
upper terrat;5es may be Pleistocone and tho 
lower ones Ecceut^ but there is nothing to 
iodicate two periods of movement, and the 
spacing and dis|K>jiit{on of the temuss eiit 
in the Pkeo format ion mdicote a gmclual 
elevatiou^ 

(tiwuahuc Srctjoksj of the An dm, 

SECTION or SOLTllEI[N PEKP, AUtCA Til LA 
Iiy UAVID FOKBEK (lsa4Jj, 

If the general section of Peru by ForbcH * 
<% 12) is divided so that it may L» com¬ 
pared witli tlie succession of Kones paroDe] 
to (I)c treud of tho AndeSf an <)bitingiiishcd 
by Stdnmaim at a later date, the follow¬ 
ing may 1» cnmnenited from tlio coast 
toward the interior; 

1. McsozoksediiBcnts withintcrstrati£ed 

porphyries of tlie coast range (iil j^rica). 

2. Tlie Tertiary (and dllimal) forma¬ 
tion of the coast plains with tradiytic tuffs 
and adt Iwds, 

TliP diorites of post-Crctaceoiis (post 
oolitic) agr. 

4. The Mesozoic sedimentaries mth in¬ 
terstrati hed imrphyries of the western 
slope of the Cordilleras cut hy diorites. 

5. ^'olcnmc tTach3'tcs .and trachytic 
rocks of the Cordillera Occidental cutting 
the Mesozoic sedimeataries. 

6. Zone of Paleozoic (Carboni feroiiK and 
Devonian) sediments of the Titicaca basin 
with later “ diluTia],*’ including a bed of 
interstmtiQed trachytic tuff. 


*Orl|^afii la Qtiart Jouni. Ueol. yoc. lAndan, Vol. XV'ii, pi JH, 
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T. Zune of slates {Siluriaa) aud gruDkes. 

Comparing tbc&e zones with those enumerated by StemimiiiD, later 
to \m mentioned^ Jt will bo seen that there are no granitic rocks in 
the coast and that tho coast range which extends from Arica south¬ 
ward into Clulc is not comparablo with the coast range at I^ioLlendo. 
In faett there is a gap bolwsfcn tho two just north of Arica. In other 
resjiects the zones are ijnite comparable excepting for the difference 
due to the binictiire of the TiUcnca loidn^ Ttic rCKsks which Forbes 
culled “ Permian ” or ^ Tria.^ic^ are now called “ Crelaceoias '• 
L^teiiniiannj, and above are included with the llesossoic^ 

eacTiox TunotiGn tub DBFAnvM&T’ or ancacqs., nr raimoxoi iisTaj, 

It should be remembered in considering this region that the Cor¬ 
dillera Occidental divides into two brauchoSf the western known ns 
the Cordilleni Nogra” and the easteni or principal one^ the “ Cor¬ 
dillera Blaoca.^^ Raimondi made no ;^<^onj but from hk w-ritings 
one may recognize tlie following zonesr 

1. Granites aud f^enites* of the coast* 

2. Mesozoic sediments with porphyries and diorites. The sedi- 
mentaries are rare in the coast hut are found moi^ abundantly inland. 

3. The diorites are seen in the Cordillcni Negra and the CordUlora 
nianca up to the limit of snow, but not m tho crest of the range or 
axis. The cniption of the diorites posterior to the Jnras^iic romovetl 
and lifted some formations of the Cretaeeoos and introduced metallic 
veins. 

4. Trachytes anterior to the present, tbarc now being no volcanoes. 
These rocks are present in the Cordillera Blanca and to some extent 
in the Cordillera Negra but not forming peaks in the latter* Rai¬ 
mondi thintoy the eruption of the trachytes occurred at a time wheu 
tile two C^rdillenLs formed one mass and that they have ^nec been 
separated by ci^ion. 

li- In tho valley of tlie Maronon are found older sediments^ taltw#ie 
slates with quartz veins which are referred to the Silurian* A small 
area of i^iuiilur rocks was also noted at Pallosca on the w^Cbtem slope 
of the Cordillera Nevada. 

SECTtOX OF ECrAUOa. JIV WOl.F 11^31. 

Reviewing the gcnlog^^ of Ecuador as ontlmed by Wolf and co¬ 
ordinating the data in such a way as to compare it with the sections 
already gix'un of Pern we find the following more or lesss distinct 
zones: 

I .The Tertiary and Quaternary formations of the coast of murine 
origin. 

8&!m—Bu IDOft-^28 
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2. The Cretaceous, principally in the western C^niilkra'* of Ecua¬ 
dor. This rock presents three facies: 1^) Toward the coast and in 
the hills of the coastal plains, limestones, siliceous limestones, and 
shales with variegated sandstones and quartzites; (6) in the moun¬ 
tain basins, sandstones, and day diales and slater; (c) oonglomciutes 
and breccia form conglomerates, sandstones, and clay shales predomi¬ 
nating in the Conliltera. 

3. ^Vitk the Cretaceous are ttaweiated jiorpliyries and greenfitoiics, 
sonm being contomporaneous and others post-Cretaceotta. With these 
igneous rocks, of which the diorites are tlio most cominon, are asso¬ 
ciated the mineral deposits. 

4. The gneisses and crystalline schists of Archean age principally 
in the eastern Cordillera, There are granites in genetic relation with 
the gneisses and wenites in genetic relation with tiic schists, 

5. The volcanic rocks which are related to the still netire group of 
volcanoes of Ecuador, The volcanic tuffs contain bone; of Quater¬ 
nary mammals, but tha volcanic activity may hare cotnmciiced in tlic 
Tertiary. 

0. Lacustrine Tertiary in somo of tJie inter- An dean I wtcing , 


aECTIDN FltOU LTll.k TO CHAUCnA TO. IlY OtBTAV BTKlJfllANN (tPBiJ. 


According to Stcinnmnn there are in Pern fils zones, well marked 
by tlieir dktiiirt geologic composition, which extend parnllel to tlie 
biL of the Cordilleras, These zones are designated os follows: 

1. The grnnitic-Terliary zone of (lie coast, 

2. 'ITjc firHl w»nc of Mesozoic sediments. 

3. The zone diorites. 

4. Ttic second zone of Mesozoic sedinionts with o por|>hyritic fiiciea. 

3. 'Hie third zone of Mesozoic scdinient.s with a calcareous fucles 

6, The zone of slates and granites. 

The first zone is not represented in the vicinity of Lima, but mav 
!»• fmintl to the south frem Pisco to Molkndo, Tlie gninUic rock's 
are sLluric or pre-«iliiric. cut by Mesozoic porpbvrics.* The Tertiarv 
formotiofts nre probably Pliocene, 

The second zone near Inmn contains sandstones and qiiurtritwi, 
shales, and slates, with some Ihnestonea. The agi‘ of the formations 
is Cretaceous (Neocomian) ns is shown by invertehrale and piunt 
remains, fhe rtrecture is in (he form of ati anticlinal foliL Tlie 
pcdimcntur)' rwkii uto cut by dikc^i of porphyry. 


.;rr s rrrvn 
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In ordt^r to mnko clear the osjjocls under Trhicb the porp!i3fries pre¬ 
sent LlicjicMdrei::, liie following explnnutbn is offered; Fromi the 
close of tlic Triiissde, during durai^ic :ind CroUceoua time, vl shallow 
sGft w'iili fi gnidfciallj sinking bottom occupietl the rugion which to-diiy 
constitute?? the western part of the .\jides. In tliis sca^ in whidi 
nonniil sedinierita were boing deposited, iinmense erupt ions of iHiRm 
volt^nic rocks CK^uirretly taking ^tJie forms of flows^ congloinerates, 
brotsdas^ sandstones, mid strut liied ttiffs. 

The third, or diorlte, aone Ls found oij the wenteni sloj^e of iho 
Cortlillent Occidental. The diorites are clfsarly younger than the 
CrelnccottH sediTnentaricrit since they have cut and uictmuorph^icd 
them. The iiorma] diorite contiiin!» dikes and masses of a liarker, 
more bisic, and finer grained dioHte. The Me^zoic rocks which 
occupiccl this zone have nearly alt difitippctanKl. 

The fourth zone includes the crest and eastern slope of the Coi>lil- 
lem Ocoidentah Here the porphyritic faciei In the Mesozoic rocks 
is t^^pical. The formationst Jurassic and CreLacconSt ft re s?trongly 
folded, and the inclination of thei beds k njore frequenUy to the west 
ilmn to the eaat. In this region andesitic eruptions aliound (fnr die 
most part quartzitic) mid extend eastward into the next zone- The 
mineitLi depot^iis of the region arc related tn thc^ andesitesL 

'I’he fifth zone in tlie culcareons foraiatjons graclnully replaces the 
porph^vritic facies until it Ijeconies a grt^at limestone formation, 
which, from the fossils, is shown to be of Juras=sic and Cretaceoij^ age, 

III the Hixth stone gniiijte and i^lntc are fotind. Alt hough no fumh 
haro be^m found in the sktess Uiey are consider imI to Ije .SiluiMan 
canw of tlieir refteniblance to llic laiowm zone of .Silurian in southern 
Peru ami Uoiivia. 

Below the ilewzoic seditnents thei^c h a series of dark siliceous 
slates anti ^^ndstones^ with ssome conglomerates, which are believed 
to hie PaliHPZoic and esixiciftlly Carboniferous, the existence of Cnr- 
boniferoijs in the i^^gion kdiig proven by finding a few diameter- 
isirtic fossik Intismuch as ttio Permian k not pmsent in the Conlib 
lera of Pern, the red saiiilstniii^ and with isalt and g^'pjrum, 

whidi overly the Silurian qiiaitsiites mid slotiis, are referred to the 
lower Lias, no fot^ilK liaring been found ag yet, and they aecordinglv 
lx>Iong to the series of Mcsoztpic sedimenk 

Aoi. oi Tiic C oitiuLisKiLia AK|J OF THE SooTit A^ieeican 

Continent. 

In the atlas accompanying d'Orbigny's monograph there is a map 
of South Aincrica diuwing the general distribution of the geologic 
formations according to hk ideals The map is very conventional itral 
is of little xalqB to-day. The mo^ noticeable error os regards Peru k 
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ihilt be breiiks the eontiDuity of tbe CrctaccouA iti the Andw Iretweeii 
dortberii PtTu mill Eeiiiidor, so thiit the Tortlury of ttie I’nciiii- Lvnist 
connects willi the Tertiary of the Amiizoii busitl in the latitude of 
the Gulf of Gunyaffnil. D'Orbiguy also pnblighed four mmll mnp^ 
showing the development of the South AiiuTiism coDtineot. lie took 
us a iiudeus a small area of gneissic and primordial rooks along the 
Brazilian cioast. From this area the land mass develojjed to the 
northwest. After the CarlKitiifcrous he shows a land mass iii Guiana 
in [uhlition to the larger one in Brazil. After tho Triiissic he show's 
an isolated land mass in tin; aastem CordiUems of Peru and Bollvin, 
and following the CiTitaceous iie unites tlie Brazilian nnd Andean 
land ninsses by a frhigtng border of CnHawous, and shows an isolated 
mass of Cretaceous in Ecuador and Colombia and Venezuela, Tlie 
remaining parts of the continent were formed by the addition of 
Tertiary and diluvial. [ITie maps by d’Orhigny are of only his¬ 
torical Lnterfc&i as showing the development of geological science at 
that time.] 

Agassiz appears to have followed in a measure tlic ideas advanced 
by d'Orbigny. He sajif in siibstajico (ISftS) that tlie valley of the 
Amazon wfl.s first .sketched out by the elevation of two tracts of land, 
namely, the plateau of Guiana on the north and the central plateau 
of Brazil on tlu' south. It is probable that, at tho time these two 
tflblohmda were lifted above the sea level, the jVntles did not exist, and 
the octfati llowwl between them through an optui strait. At a Inter 
period the uphefiT.Til of the Andes took place, closing the western side 
of this strait and thus transfonned it into a gulf open toward tha 
east. It seems certain Uiat at the close of the seeoudarv age the whole 
.Vntnzon basin was lined with a Cretaceous deposit, the margins of 
which crop out at various localities on its Ixiixlers. They have been 
Obscrvcii along its anithem limits on its western ouLskirt along the 
And(^ in \ i-neziichi along the shim- line of mountains, and also in 
cert El in loculi tk^s neiir its i^uiftorn 

t>rton evidently followed the ideas'advanml by Agassiz, but ],is 
poLdical and caladaslind account of the gix>|ogical development of 
.S^h America is of no value to sciemx.. He says, for cxamiile; 
-Threx- imes the Andes sank himdreds of beneath the ocean 
level and again were sl.wvly brought up to their present height ” 

The fitvl attempt which Kaiinoodi made to outline the geology 
of I eru was in hm letter to Gubb ( mi). He slated that the c-oslmi 
Corddlera ts of p-ater age ptologically, appearing to be imposed 

of ‘ H introduced nmnerous 

\eims ^niirtz which in r«,nie places are quite rich in gold. The 

western Uirddlera. lie says, b made up in uearlT tho wfole of ite 
length of rock of much mono recent age (Mesozoic). .Vnolher group 
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i>f rocks, prolinbly Cnrhonifcroiijs, focin tlic great ha^n of Tiii- 
eaca, and a small spot in the Ucjghta of ITnantiL 

In liis volutiie on the I>epiirtment of Ancachs {1S7S) lio olnborate^ 
his klens ftfimewhat more fully, lie ways ttiut ilic first land n^lief 
profiiicert within llie limits of Poro veas not the Corriillcm whicli 
fonus tlio continental diviilc, but ilic grand mountain chain whicli 
ill Bolivia fornis the Corclillvi'u rtijal and oxLeiitcls northward into 
Peru, 

This grand chain is formed for the most part of talco^ and clay 
slateis and ow^es its i^lief to tho eriipticin of granitie rocks^ wdndi, 
however, did not nhvays fiiiti their way to the surfoce^ being rare 
in the wnittiern part of the chain* but in mniiy places the eruption 
jiitrodiicetl qiinriz veins into llie alute^s* Contemporaneous wdth this 
relief (lerhiq:}^ cax^uired the eniption of the granites and syenite?^ of 
llie coast, wUidi in miiny places conlain thin veins of auriferous 
quarU. 

After the Jurassic began the erupt ion of the porphyries^ and w'hcn 
tho Cretaceous hnti U*giin the grand eruption of tlie diorites took 
)ilucc« Follovring the dojXK^ilion of the Cretaceous ilic axis of the 
Cordillera was brought into relief. 

A sketdi of the geology of South Anierjcn was read by SlemiiLanii 
1x5fore the (leological Society of America in 1S^)L This sketcli is 
explanatorj* of a niajj which wa.^ prepared by him for a second edi¬ 
tion of Berglianssen^ii Pliysieal Atlas. Cnfortunatdy tho map is very 
xinalh and, moreover^ data were not available for an acenrato map. 
["rom the sketdi the following points may be gathered which are 
of interest here¬ 
in Devonian times, ns is indicated hy the ^diment% there was an 
extetidve sea embracing ihe larger part of South America, especially 
Brasil uiid Bolivia (and extending also into Perti). 

Hie Curlxmiferous deposits were more restricted, but are known 
from Peni, Bolivia, and BraaiL 

During the Permian, Triossic, and Jurassic tho greater part of 
tho South American conLinent was above sea lovely however, tUe 
Triaxsie and Jurassic marine deposits have been found ou the westom 
part of the continent, rich collections of Jurassic fossils having been 
obtained from the Cordillcrafi of the ArgmtinCt Cliile, and Pertu 

Til contrast to the ^mall extension of marine Triassic and tFiirassio 
the Cretaceous covers a largo area^ murine Cretaceous lieing found 
in all P^rt.^ of the Cordillera of the ilndos from Veneauela to 
Patagonia. 

The (’ordillera of South ^\juerica is famous for its eruptive fonna* 
tions of the latest time, hut it merits no mailer attention for its 
Kubinariue eruptions during Mesozoic time and the inieotiou of the 
Meisozoic strata by dioritic rocks. 
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OUR PRESEKT K^"O^VliEDGE OF THE EARTH.* 


By K WiJccnEKTp* 

Pmftttxor of tt? iht' Unh^rsUif uf 


* * # ^ • 

Thv explorer of nuiure is nalnmUy mcliuod to direct \m sei^rch to 
tlio eurtb itself, on ■whose surfaras we liire- Ho asks what sooi^ts may 
lie liiddeti tu the depths beoeath our feet. My purpose on tho pres^ 
eni oociLsion is to set fortli some of the ansn'crs which science is 
eb!e to g^iro to that que^tioB- 

Tiie simplest jnctJiod, of couim^ vtouU be for the explorer himself 
to |>eneti^tc into the earth by the way pointed out by the miner* But 
tills liopc quiddy vonislies asi we stirrej the me&us at our disposal 
and the resiiUe Ums far ocliievcd. Mining operations extend to a 
depth of about 1 kilometer (3jS80 ftwt); the deepest shaft ever bored 
reached a depth of about 2 kilometers (6^G0 feet), and Unj cseiiier 
of the earth k 6,370 kllometerB (aljoiit 4^000 miles) beneath us. 

What are 2 kilometers eomparwj to diat! Imagine the mrih rep- 
resented by u liall 13 meters (42 feet) in diameter, then a shaft 2 kilo- 
melm (0,5GO feet) deep would Iwa represented by a needle prick 
2 millimeters (about one-lweifth iTic:'li) deep! ^Ind yet the sinking of 
fiudi a shaft k a work of exceeding diBioultyf with e'TDiy meter the 
difficulties increflae at an auoelemted rate, soon outstripping all human 
power. 

Thus in our search into the interior of the earth* apart from a wry 
thin superficial kyer, we must de|?etid entirely on the resources of 
science* 

Immediately btsneAlli na we find massses of rock; that we know for 
certain. But w'hnt m tliero farther down? Does the rock ctmliniie 
throughout all the depths, or tiliall we come to metab ? Rocks are oom- 
patatively light, the metals that miglit be expected are companitiwly 
heavy* Hence if Ote density of the earth’s material is kiiowm wo 

^TmaHlateU by peimtesSon fttitn Deuts^cho Band CXXXII 

teuiber, 11*07 h Berlliip pju 
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hJmiII have a dtitiim point from whicii we mny judge. To this Rcienr;e 
in fjicL U'len fihle to supply lui imswer withhi certuin 
The Klnrting" point of the dcmon.ration the hiw of universal 
gvavUatlon. You will remember that the EngMiih scientist. ^Jewton 
was the first to mrognize the infLiience of that foixe in the making of 
th^ world* Gmvitaiion bolds the earth together., liolda us fast to itii 
surface, detemiijiea what is '"up-’ and 'Nlowri.'* As the diilds 
strength inereasos it must lenm to sUmd erf^c!t in opposition to gruvi- 
taiion; with adTunclng years the old nuin feels more mid more its 
down-pulling force. It rom]>eLs Uie moon to ilescrilio its orbit around 
the eartlu it determines the riioveznent of the planets around the sun, 
Suinuiing lip his ol>st':n'atioiis^ Newton was led to tlie conclusion that 
all matter without esception is mulunlly nttractivej no matter what 
mjij be the si7^ of ils particles or tho distance between theiiL Acc<ird- 
iug to Ills la\\\ Ihfl smaller Ihe mastj^ and ihi^ gnraicr the distttnee-, the 
less is the attraction; but it never becomes zero. We are thus driven 
to the ccmelusion that the various objects whicJi w& encottnler on the 
surface of the cartli also attract each other. Ls Lids true? In daily 
life, iiulecd^ the effect is not perceptible. Your tlionghts may at thi-H 
moment l>o turning to the clectrk^l ruid magnetic ]>hcuonicna in whicfi 
attmetion is distinctly obserwl; but tliesc do nt>t ladoug here; they 
am the effi*ct.s of forces quite diilcrent in their nature from giiivita' 
tlon* In point of fact, by means of delicate instruments it has l>ceh 
possible to demeuLstrate and measiim the miiLuul attraction of thfl 
objects that surround us. If ii IxMly^ say a metal gloljc or any utlier 
object, be so siisjiendeil as to be pmlected against tlisturbailee* while 
the tb«‘jid that htdds it offers a ndnimuiii of resistiuiee, and if there¬ 
upon another body, say a lead weight, l>e made to approjtcU it* the 
suspended body will I* seen to move tow^iird the approaeUing lualy* 
and tbiiH ftdl lowanl it* even thungli slowly* just iis the apyjle, de- 
tiudicd from (he tretv falls to (lie earth* As the approaching bcah' is 
small ill r<:>mpariHfrti w'lth the eurth* it is to bn e? 5 pccleil that some 
minutes will elapse before the suspended bo^ly shows a inuveinent of 
oven a few millinietetifj while the apple fulling to tlio earth pusses 
through a distance of fi meter? in the first seeoiub The nhsorx'o- 
tion of the mutual attraction of surroiuiding Ix^lies is u task to which 
physicLLs have devoted much attention ond on which lliey are siill 
constantly engaged. Numerous obf«*n"ers liave spent on this jsrolilem 
all iheiT liilxir aud ingenuity for years, and UnvT used all the available 
resources of micro-rnechanics. In this way we have at last arrived at 
a vciy accurate estimate of universal gr^ivitation anil are able to state 
with preemon the fori-e of ulimction everted on radi other bv two 
bodies measured in gniius or kilogranL^. Now these are (he 
tioiis ^\hicb may ha employetj in estimating thy mass of the earllL 
e know diJ^H.Hy the fon.^ wliich the earth attracts bodies on 
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jiiirfiice, 'ive ulsti kriow the size of the earth and therefore the d)JJ- 
laiit-e between its variotia parts nnd the bodies on its snrhice; and thus 
the klwiTitory obserrations on the mutual atlmotion of Indies enable 
tis lo calculate the total mass of tlio earth. We find that the total mass 
is fire and a half times greater than it would he if the entire space 
occupied by the eartti were filled with water; in other words: The 
various kinds of siihstances contained in the earth are on an average 
five nud a half timoss denser than water. Tlds figure, SJ, is the eul- 
niination of nil the observations on gravitation of which I speak. 
Hut in tliis number, you will understand, the physicist also perceives, 
tlic outcome of a siim total of human labor, by which one of tiie forces 
of nature dominattug the world has been brought nearer to immati 
perception. 

The rocks on the earth’s surface arc only to ^ times heavier 
tlijiu water; hence, since tlie earth is on na average fiA times heavier 
than water, it follows that at a certain depth the density must be 
greater than 6 i, It has been suggestiHl that tiiis greater density may 
simply bo an effect of the pressure exerted by the overlying layers 
of the cartii on tlie underlying. I have never heoti nble to suliscVibo 
to tliat view, since c very thing tlmt we know concerning the constitu¬ 
tion of matter, and its construction out of the highly resistant atoms, 
indlcntes, it seems lo me, that a notahlo compnKHsion hv the pressure 
of the earth is not to Im e.vjiccteih Thus it seems to mu that tho 
greater density in the deeper depth.s of the earth's Interior ciin only 
Iw explained by assuming that Iieavicr Fiitetances, (wpecially metals, 
predominate theroi At any rate., yon that we a tv here in a state 
of tiiiccrtainty. lA c are compelled to ask, there not other means 
by whsdi the distributi<m of mass in the Ixxly of the globe may be 
inferred? In iwint of fact, they may In found. First of all, t'lien- 
are tlie observations on the shape of the earth, 

I 111 know that the earth—assuming lU surface to In represented 
by the surfaiv of tho sea, which we conceive as extending also through 
the continents—is not an exact sphere, but has been flattomsl at, the 
iwles, owing hi the centrifugal forte of its rotation. This fiiitlening 
is of the greatest importance for general geopUysiGa and for all 
matea oonccmiiig the mutual position of pointn on the earth’s surface. 
It must lie taken into account in all land moaHuremeiita, in all surveys 
iritcnde<l to ascertain tlie geographic distribution of hinds. Such 
geoduhci oliservations form also the basis of tho rolcuiations by which 
we a.iicertahi the sizi' of the earth. The magnitude of the fliittoning 
also manifests itself in the distribution of gravitation on tho earth’.s 
surface, ujoy be the case you will readily understand, if 

you consider that it is gravitation that determines the shape of the 
surface of the sea. It has been found tliat gravitation liecomcs 
givoter the farther we remove from tho equator and approach the 
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poles. One kllogrnni nt the pole exerts llie so me force as 1 kilogriiiii 
ij grams ut the t?qnutor. A pendutuin cloL-k correctly nt the 
^^^^uato^ would gnhi ininutea every day at Uie |>oIc. by reason of 
increuml gm vital ion. though ilio length of the pendidiim rcmjuns 
the same. The obcj^rvatiou of these variations in gravitaliun k also 
oue of the methods by which we may infer tlie Uattetiuig of thq 
eartli. It would even seetn as if this method were at present tlio 
}ye6L This is a|] the more the case becun^sj an ciiorinous number of 
obserratious have txxn made in the study of variations of gravitation 
on the globe* for the purpose of determining the Qattening and for 
other geophysical purposes^ some of which I wilt mention later on. 
On monntiiiiis. in valleys, in plaiiLS, in the interior of itoniincnts, on 
coasts, on islandst tin the open ^a, measurements of gravitation have 
Ijeeu made, Tlio G^KiphysicaJ liiHtitiite on Ilaiuberg iHissoses si 
special UX’^asure in no apparatus for the measurement of gravitation^ 
w-hidi some yrai>^ ago was curried l>y the freriiiaii 8oiuh Polar Expe¬ 
dition on tlie ship named after our great mathcinatieicinf aslroiiomerT 
and geophysicist, Gansti* of Goitingeu, In order tn make gravitation 
tncastiremcnU in the South Polar Sea^ ^ rarely visited by human 
beings. As the shape of the earth is influenced by the distribution 
of gravitation, it also shows itself in the effect exerted by the earth 
on the moon. By reason of the llattenifig of the earth, the mocm 
revolves somewhat differently from what ivoiild be the case if tho 
earth were a perfect sphere. Here is a thin! way of detertiiining 
the flaLteniug of the earth. It is practicable, too, for the movements 
of the moon must l>e determined with extreme care* on ihe one hand 
for sciontilic reasons^ and on the other because the tnovenieui of tho 
moon in Uic sky ^ipplies an important means for determining geo- 
gnipliic position, wdncli is of importancee?i>ecially for the navi¬ 
gator* !sow tlie 11 tin 1 n^ult of thousands of observations and of tho 
estensive mathematical investigations to which f ulluded culininutes 
in tlie statement that the fattening of the earih amounts to about 
one two-hundred-mid-ninety.eighth—tlmt is to sa 3 % that the radius 
of the earth at tlu=! pule is about one two-lmndred*niubninety-ciglith 
shorter than tho radius at tlia equator* You will ooilco tlMitn, ms in 
the case of the mensurement ttf gravitation* the final resuU of an 
imroenso amount of labor Is ei simple numerical figure ^ but you will 
understand that to the investigator this one figure rccidk the strug¬ 
gles, the toil, the access of a whole science, 

I will mention that the figure one two-buiuli-cil-aud-ninety-eiglilh 
is not yet quite accurately detenninetk it is possible that the value 
one twodnnidrod-and-ninety.seventh or even one differing still more 
may prove to tho true value^ 

Now. whut significance has the fbltening for oiir gjiecnlation.s on 
the interior of the earth? For an ttuswer w« must apply to tho 
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mathemnitieal theory of gravitation;* It tells of nil* that this 

iluttening would have to be ono two-hundrcd^and-tliirtieth if the 
masses in the earth were tifiiformly distributed^ and one five-hondred- 
nnd-scventy-eiglith if the tuaiii ma^ were loeutel at tlie tenien A>i 
the flaUeiiiiig b one twts-hiindred'and-iiLnuty-eighLhi or very 
noorly llmt^ It foUows that the distribution of the mass in tlic interior 
of tlie earth lies between the two extremes; that ij? to tlie deiisitj' 
increases toward the i^enter. but at mich a rate that a notable part of 
the mass is present in the outer layersi. This, in fact* is tlie result nt 
which we hftd already arrlve(l* A further conclusion to be deduced 
fnan the figure one two-hundred-niid-ninety-cighth in a certain state- 
jiient concerning tlifitributioiij which can only forniulaUKl in its fuU 
extent by means of mathematics, and which I am therefore unable tu 
place before you. The situation becumes much more favorable, if I 
now' make use of the suggestion, already referred to ns a very natural 
one, that the earth consists of a metal core enveloped in a mantle of 
nx'k* As w’e know the thickness of die rocky tnanile to n certain cstent 
from direct observation, wo are eniibled, on lUo hmm of the figure 
one tw'o-hundrcd-nnd-nincty-eightii, for the flattening, to calctdate the 
size of the nictal core, and its density. It is found that the rocky 
niantlo on ivliidi wc live must Lw 1,300 to 1,000 kilometers thick (SOO 
to 1^000 miles), and that therefore the luetallie core, so far as its 
diameter h eonoemod, occupies alx>nt four-fifths iff the glolic* It abo 
appears that the density of the metal core must ]>v a little more than 
eight times as great as tlmt of water. The density of iron under 
the pressure conditions known to at the earths surface is a little 
less than eight* Tims we see that wc obtain for the densire of the 
metal core of the earth a figure corresponding to the dcnHity of iron 
when somewhat tvimpressed or somewhat alloyed with lumsicr metals 
(for cswmple nickel)* IVe are thus led to the conjecture that the 
metal core conadstj? in the main of iron. In siipjHnt of tliis conjecture 
we are able to bring fonvard quite an array of additioujil urguinenLs. 
In connection with volrunic eniptioiLs, rocks rich Jn iron are often 
ejected from the depths uf the earth. The meteorites which ilrop on 
the earth from planetuiy spare consist partly of rmik and jiartly of 
metal, ircjn Iwing by fnr their pmlominaiit constituent. Analysis of 
the sun s light by meAiis of the spectrum shows that iren vapors hove 
II vo^it share in the compcsilion of the sun. It thus appears that iron 
is very strongly reprcsenteil in the stracturo of our solar syidem, and 
in particular that our earth is simply m iron ImU coatwl with rock. 
It simply represents on a larger scale a meteorite which tmnsists of a 
mixture of rf>c:k and iron. 

Interesting ns these eondiisions are^ we must not forget that they 
re-st Bs yet on a very weak foundation. They would vanish at once, 
for esamplcj if the increase of density toward the interior of the earth 
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wotie merely an effect of pressure and not of liilTetenw m material* 
It b e.^oee(linfrly fortunnto. therefore, tlmtont wndusions receive new 
and Tory strong iiijpport from another and entii'cly different direction^, 
that of earLliquuke inveirtlgation. But before I proceed to explaiu 
this, I must refer to two other phenomena of natLiixvs whose data may 
be utilized in dm wing conclusion concerning the condition of the 
intprior of the cnrtli. 

I refer to the question of the pk«tidty of the earth under the iii- 
fllienee of defonmng forces. Aside from the pheriomcnon of earth¬ 
quakes. there are two natural processes that bear on the question— 
(1) tidesj (2) polar oscillations. 

The tide, that ''bn^alhing of the sea^^ is to you u familiar phe- 
uonicQon in its mu in features. Many of you have clouhtless been 
eye witnesses of it on the sliores of the Xoilh Sea. Tlie causes of 
the tides are easily iindcrf4oo<i; they are to be sought in the attraction 
of f3im and moom Each of thc^e heavenly l>odics attracts tlie water 
of the sea more strongly on the side of tlie earth nearer to it thzm it 
does the earth's ixidy ns a whole, while on the opposite side of the 
earth it attmctK the water of the ssca more feebly than it docs the body 
of the earth, wtdeh in this case is nearer to the attnicting body. The 
stronger attraction on the near side^ as may readily be secn^ produces 
an upheaving of the water—that is to say, a tlood tidej but there is 
also a flood tide on the off side of the eartht becau®;, since the water 
there Is more fechly alLructed than the earth's IkkIv as u w’hole, it 
assumes, in the course of tlio eurilt'iis luovcmcrit in space, a position 
relatively more distant from the allnieliug biuly than the earth, 
which mearLs nothing el.^ ilian that ii rLses in Hie form of a fltHMl 
tide, ndaLively to tlie earth. Thus both tlio sun and tlio moon arc 
each accoiiipaiiied by two flood tides, one on the near side, the other 
on the off side of the earth; and in view of the revoJiillon of the 
earth and the relative movements of the heavenly IkkUcs, the result 
is that to the obser^'er on the earth*s9 surface sun ami moon arc each 
followed in their ci.)ur?e around the earth by two flood titles. The 
moon i.s so much closer to the oarili than tlie sun that despite its 
smaller ma^ the tides caiisi-d by it are more than twice ns large ns 
those causeil l>y the sun. As a t'oin^uence, the sun tides do not pre¬ 
sent thciniselvfcii as separate from ttie motJii tides, hut merely as modi- 
ficotioiifl of them. At new mcKin and full moon the surrs tide reen¬ 
forces the intam's tide, and we have tin? so-^!alled spring tklcs.” At 
Imlf moon the sun s tide is opposet] to the moon tide, and then we 
have the neap iidea.'^ At nny rate, to the oliscrver the tides seem 
always to follow the moon in its course through the heavens. Be- 
cauj^ of the daily revolutions of the earth around its ajeis and the 
moou^s owm motion about twenty-five hotirs pass before it has accom- 
pILsIied apparetitly one revolution ammid the earth, and thus, inas- 
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much »s two Qood tit3L*s fife moving arount] tlio earth, tlio tide 
plitiiiatnem recur nt intcrrals of about twelve and one-half howr!% 

I hftv’c tried to set forth to you the fundamental facta of the tide 
phenomenon, but I must add that in reality the process is exceedinglv 
couiplicated. On tlwi one hand) astronomic factors enter into the 
problem, for example, the fact llmt botli the sun and the moon ate 
now farther north and ag?iin fartlier south; on tlie other lumd, the 
irreguluritieii in the dislrihulion of water and land on the t'airth lend 
to extensive modiJicafions in the coui^ of the tides which lire diflicnlt 
to estimate. How strong these influences are you may gather from 
the fact that the tides on the shores of Uie llforth Sea come from tho 
fndian Ocean, Soulh of America. Australia, and Africa there is a 
broad licit of oiicn water; there Ulo tide waves develop freely. Start¬ 
ing from the Pacific they run tliroitgli the Indian Ocean, and as tliey 
enter thenco into the Atlantic Ocean south of Africa, a part of each 
tide wave is deflected nortiiward into the xVtlaiitic Ocean. In the 
couRfc of a little more than twelve hours these partial waves roach 
England and then pass aroutid it on tJic south and north into the 
Xortli Sea. The velocity becomes slower and slower with deerfasidg 
depth. After issuing from the Indian Ocean it takes the tide about 
two days to readi our Gertuuii coasts. 

Kow, what docs Hie tide teach us regarding the condition of the 
globe f If Llie earth were entirely phistio-that is to say, if the inte¬ 
rior were in tJie main in the liquid or even the gaseous condition, as 
hm been assiiiiied frem time to lime by the iiiiaginaUoij of some 
ejitists—there could l» no ebb or floml. The earttrs body itself would 
in that case Ijo defonuetl umlr-r the varying attraction of sun and 
moon, and the result would I* that a relative imuHjment of the sen 
sucli os-is indicated by the rise and fall of the tide could not take 
plflce. Hence, the existence of tides proves that the earth acts in the 
iiiu-in as ii £^>!iil IkkIj\ 

Thus there can l» no doubt that the earth iiosscsses a certain power 
of re5istftnre to changes of form. Put wind is the extent of this 
power! C>>mhijjiijg observation and culculatUm, we can draw an 
inference on this point also, Tlie ordinary ludf-dailv tide, imleed, 
not Iw used for that purpose, because, in regard to this, it would 
be Uk> difEcnlt to form » correet ertimate uf the Jnfliienre of tlin irregu- 
lardies m ibc distribution of land and water. Hut the half-monthly 
tide cimni'rted with the movetnont of the moon from nortli to south 
and h„ck, in ite revolution around the t‘arth, tnav be utilufed, for in 
dim esse, owing to the slowness of tbo process, the sea has time to 
follow the varying forces of attreelion without diKturbing currenl 
Idienoniena. This half-monthly tide, indeed, is verj- sinnJi, but in 
view of the extreme precision with which, in the interest of iiai-i- 
guUou, tho changes of sea level nre observed and used for calculation. 
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it is posable to disentaiigle it from Uie iipparcipt dines of nscillntioiui. 
Tf thereupon wo compare the size of the rml flood with ihnt which 
might be expected according to mathemaiica] theory, witli that winch 
according to calculation should r^uii from the mooirs attractioDf 
find that the globe is certainly at least as rigid ( riege) as steel. 
Let iiio c-xpluin the word riege.” which is somewhat unusual. You 
know Quit even steel is flexible, every knife blade, every steel pen 
proves it. Tlio less yielding n iriatcrial is in this sense, under llie 
iiiilucuce of the same force, the mure rigid (riege) it is. Steel h one 
of iJie most rigid bodies thnt we krtow% Xnw^ the liehavior of the 
earth ns regards tlie tides proves that in ri^dity It h at least equal to 
sled. Tills remarkable result is eonfii'ined and defined with greater 
precision hy an examination of what are called [Kihir oscillations," 

As you are aware, the geographic latitude" of a place is measured 
hy degrees of an angle. By this we mean tlie angle which the pUniih 
line forms at the place in question with the axis of revolution of tho 
earth. This latitude is of fundamental importance in all nstrooomio 
measuretiicnLs, and hence it reo^ives the mcbt careful attention in all 
obson'atorios. Now it was noticed that Ihe ebasrvations did not 
always give exactly the same latitude. At first it was suspected that 
this arose from local disturbances of oljservations, agains-t which fha 
ol>servrr luis to stniggle coastontly in all scientific researches. But 
wbefi die tliousaiid^ and teits of thousands of oU^rvatious wcros\*stcm- 
nticnlly tested, it became apparent that tile comfc was to l)e sought 
not in local hut in cosmic influences. It appeared probable, and it 
wiis Afterwards demonstrated by obser^'atories specially erected for 
the purpose, that the cause is to be knight in continual displacements 
of the axis of revolution of the earth. In other words^ the earth 
does not turn steadily on the same axis, but dianges its axis of revo¬ 
lution cpristautly within certain limits. Imagine that you are sta- 
iioneil nt tlie place where the imaginary axis emerge* from the globe; 
ihat is to say\ at ihe poles" of the earth in the astronomic s£*nso, 
and you will have to conceive these ^"centci-s of revolution" eis Ijeing 
located not at an irivariitble puiritof the earths surface, hut as ^^hift- 
ing their positions. According ti> the ol>ser\aiioiia thus far made, 
they niigi^de uroiind certain definite mean positions, from which tliey 
depart at times as much m 10 meters. 

IVhat mean these migrations of the pol(?s of revolution ? Tlmt they 
can take place at all is not surprising to the physicist, for the earth 
is essentiall 3 " a spinning top, and such "^"piile ascillalions," tlmt is to 
t^ay, such dispIaceineiiU of the axis of revolution, nm^- be obseni’^ed in 
every top. Mathematical theory teaches that they must occur vrlien- 
ever the axis of revolution does not coincide accurately wdth tho 
“ axis of figure." It Is safe to assume that the rotation of the earth 
does not take place precisely around the axis of figuren, nor is this 
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surprising^ for we do not know tbe early bistoiy of the turtij wiiidi 
has brought it to its prf‘^>nt condition. But tint moment we ejcemino 
tlie pole oscillations ou the basis of existiog obiiervations more awu- 
mtely, we find scwrwl n'lnarkable faets. Theory teaeliGS the following: 
If tbe earth were perfectly rigid, that b to say, if it were not vifld- 
ing in the slightest ilfgree, and if no dbtnrbances intetwened, tbo 
axis of revolution would have to move iucessanti}* and with tbe same 
velocity around the nsis of figure, so tliat the astronomical poles of 
the earth would constantly describe the same circles aroimd the mean 
position. Astronomy is able to indicate in what time a revolution 
would bo completed, namely, in three htimlred nnJ five day& But 
when w'D consult the observations we find a totally different course 
of the polo oscillaiions. There is indeed a circular movement of the 
poles in the true sense, but it Hikes plaw not. in three hundred and 
five days, hut in four hundred and twenty-five Jays. Moreover, the 
curves descrilied change their width in an apparently irregular inan- 
ftcr from revolution to revolntinn. Tlutse latter irregularities indi- 
cato that disturbing causes are coti>itantIy at work which continually 
displace the n.vis of revolution. It has been found that even the 
meteorologic processes in llie atmosphere sufKitc to e.'cplain tlicse dis¬ 
placements. itfome geophysicists suggest that oarthipiakes may coop¬ 
erate. Be ihLj ns it may, it is evident that the irregularities pressent 
no difficulty to the explanation, and thus we need not trouble our¬ 
selves at»ut thorn, But whnl shall we say to the fact that tho 
circular path of the poles is truversed not in thire liundnrd anti fivo 
but in four hundred and twenty-five days? Here we have arrived 
at tho point wliich invests tho phenonioiion of tK>lo oscillations with 
great sigiiificam.^ for the (picslioji of the coitdilloii of the globe. In 
fact, from the diffcrcjice betwiH.'ti the obt^ervijd time of revolution and 
tho time usccrtained by calculation under the assumption of a jser- 
fcctly rigid globe, it may Ije inferred that tjjo earth is not absolutely 
rigid but plastic. Part of this plasticity is to Ije accounted for by 
the movable, liipiid body of the sea; but it can lie shown that this 
accounts for only about one-fourth of the difference lietween three 
hundred and five and four hundred and twenty-liw days. Hence 
the earth beneath our fret, which to our senses seems absolutely ri^d, 
must to a certain degree be yielding. It y, possible to calculate tins 
degn‘e of yielding, and wo find that it is almut half »,h great as if 
Uie glolio possessed the rigidity of steel. In other words, tbe earth 
opposes to tiie deforming forces about twice the resistance that steel 
nisnifests under the conditions under which we oliserv'c it in our daily 
life, ^ou see tlint the phenomenon of the pole oficillotions carries 
us much further in our inquiry into tho condition of the globe than 
<loes the phenomenon of the tides. Prom the observation of the tidra 
wo were merely able to infer that ibe earth is at least us rigid as 
fau ir<js - 20 
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steel. \Ve Imtl tiD ground for ibal it wa^ not absoIuLoly 

rigidK The pole oseillations^ on the other band, demonstrate that the 
earth is not absolutelyj but only relutivdy, rigidj and they indicutr 
tlie degree of rigidity. 

Far greater yet is the degree of precision wldch out eonclusious 
1110 ny attain along another line of research. to wit, tlmt of earth- 
tjuakes* 

Tlie awful pbenomenn of eartht|uake^s. In which the fin nest thing 
we know—^the groiuid on which ive walk—liegiiis to shake, and in 
which ofieu ill a few rnonientB all hujuan work b mJnml to ruirw 
and thousands of liumim lives destroyed, have ahvnys jinwerfully at- 
tttick'd the attention of mern Fervid fancy was lirelos in picturing 
ever new hnrnws. It was sup|Krsec] that tlio tremors were due lo the 
niovenieiits of fabulous monsters, or to I lie niLdign fury of denioos, 
or to the anger of the dciij% With the inerenso of ci vilbation, luitural 
science la^gun to occupy itself with the plieiicmienn of earthqnako^u 
At the present day eivilmd luitions luive united in coniinon syste¬ 
matic work. The Gottiiigcn Geophynical Institute on the llainberg 
reprciricnts one of the German semmologic stations. For stane yeara 
tile Gottingen Scientific Society has maintained n station for geo- 
pliysical oli^irvaiions in the tropical Iwlt of the Pacific^ at Apia, on 
German Samoa, and one of Its adjiiticts is a soisuiologic. station. 

At first the observation of earthi|Uakcs was riatiinilly confined to 
the diretl invi?f?tigation of the l races left b\^ tlicm. Swm. however^ 
a|>ecial instrumenta were employed in order in gain n more accurate 
idea pf the nature and fuagiiitudu of the carthqimke movements. As 
these inslrnnient^ were improved, the scope within which tremorst 
could lie otj^rvctl at n distance from I heir focus grew wider. Finally 
U appeared that instnimenU of siilfident delicacy are able to reoonl 
the tremote produml by every krge oarlhqiinke originating anywhere 
on the glolK. Since that time—fmm akuit ISOO onward—earthquake 
investigation ^lined a mighty impulscj fur the observer was hence- 
forwanl no longer confined to Iwal investigaiioniu hut oiuihled to 
I race the earthquake processes of iltp whole earth from any station, no 
matter wiierr mtunted. 

Science asks, \\Tial is the significance of earthquakes in the lustorv 
of thi^ development of the earth 1 What is the nature of the shocks 
that an^ pmpagntt'il to a distance! What paths do iliev follow? 
Wliiit do they tell us regarding the conditinn of llie .Anxious 

humanity will also demand an ans^ver to the further question^ How 
can We know what hx^oliti^ arc endangered, what antecedent synip- 
toniH lun} be used as warnings, and what sort of i^rlruottires must 
erected in order to alTord protection 

You scr; the tiiliks iim numenius und involve iirofoniHl hiteresLs of 
saence and of hiiiiian life. enn uiulerelnml theestniordiiiaiy 
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^c(il with which ctirthquEikc inventigiitjoic? wre conducted nowjiduys. 
1 must resist the tciiiptnt ioii to present to you n gcnerul picture of thLi 
iieti%‘ity iitid cif its iidiievcmcnts, for my time is drawinff to u close. 
For the purposes of our prest'ijt theme, we lire cotiverhcsl only ^vith 
one question, Wliut ilo eartljqttuko nlutcrvutiom; tench us coiiceniing 
Uie condition of the glolw? 

VoJciinic erujitifins jire nccompiiiiied by «cirth(pmkes; ciirthquahos 
also reniill from the colltipso nf subterimteciii ciives, for example, 
lliosf holloweil out by water. Hut lioth the '■ volcanic cartlupiiikcs’” 
and the “collapse earthquakes” are only of suliordinate iinporturico 
for the glotav In the iniiin, cartiupiiikes otvur ivhen sudden dls- 
pluoeiiieuls take place in the earth's crust, along H^ureis either of 
ancient origin or newly develojaitl. The displaceineiiUs thus fornied 
on the surface, and the shocks by which tho 3 ' are accomplished, arc 
tlio factors tliut pnaliice the fatal etrects, lint all this I iiienlion 
ineivly in paiaing. The eswentiul point for our pitwait purpose is 
that earth fretiionii abirting from the focua of the cpiuke pass through 
the iKal^' of the globe as elastic waves. To these earthquake waves 
we must ijnw’ tunt our ntteJitiun, 

Tlie Dscillntlons of the ground caused by these waves are recorded 
by’ the seismometers of tive scismologic stations. It iss found that 
the oscillations nf grejit cnrthqiiiilwii am pmceptiblc for lioiirs. ,\t the 
same lime various kinds of oscillations may bo distinctly obaorved, 
w’liidi pass through the glolji! at dilTerent rates of velocity, Tho 
swiftest ore those wnv® in which, as in the case of sound waves in 
the air, the oscillations take place in Um direction of the movemeitt of 
propagation to ntid fro, the longitudinal waves, as tliey are culled 
in ^ience. Tmnsver.^s waves, in, which, as in the case of ILglit, the 
oscillnlions take plum at rigliL angles to tlio direction of propagation, 
show only half ilie velocity of the longitudinal waves. Considerably 
slower even iJian the transverse wjives are the rucking waves, re* 
sombting sen waves, inasmuch as they pass along the surface and do 
dot reach a great dejjtk It is precisely the last-arriving surface 
waves that ns a rule t'aU3«! the greatest osciUattons of the gn>und, 
fur from the focus, and which accordmglv Ijecotnc most prumixient 
in the reconls of the iustniiiicnbs: they are on that account called 
principal wavua.” In conlrndistinctioii to them, the longitudinal 
wavisi fiivt arriving are eailcvl ‘‘first precursors” and tJm ticxt-fob 
lowing Imnsverm waves am called “second precursors.” 

,Vs the principal waves are limited to the siirfiicc, they can give us 
no infoTtnation on the condition of tho dtojjer parts of the earth, and 
hence wo arc not now concenieti with them. The case is different 
with the “precursors.” Their iiehavior shows that their paths lie 
through the body of the glolH;, From the ofe-ervalions niado ut the 
surface we arc, in fact, enabled hy the aid of calculation to trace their 
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paths with accuracy Lliroiij^h the depths of the cjirth. How is tlmt 
possible! I must iitteinpl to give you nt least an approximate idea 
of it. 

If the precursors remained at the surface of the eartht the velocity 
with which they are there propagated would have to rentain the ^ame 
at all distances from the focus, Xow\ this is not the case. On tlio 
contrary we note that the vdCKrity of their propagation increases the 
farther we remove from the focus and the closer we approach to tlie 
opposite iwint. We ore thus led to the condusion that these waves 
find jiaths of more rapid propagation in the depths of the earth. 
By studying the manner of their propagalion along the H.iirface it is 
pOEsible^ by means of rnathemaLici^ not only to calcuhite their paths 
in the interior of the earth but aUo to ascertain the velocity of their 
propagation along those paths. It h a beautiful jllustratioii of the 
|xuvGr of mathematics that all this can be done wiiliont any appeal to 
untJife hyiKUhetical a;^umptions. We are merely cencemed with 
reliable deductions from tlie obi^rvotioiLs themselves. The iiiore ac¬ 
curately we arc aide, by the aid of the seismologic stations^ to record 
the rale of propagMiioii of the waves on the surfLice of tlte earth in 
[>oint of time, iliQ more aecnmtely are we able to trace llic paths and 
the velocity of the earth<|tiake wavKS in the interior of the eartli. At 
this inomeiil there are probably 100 ^^ismologic stations in evLstonce, 
with instruments which constantly record the earthquakiSs, Quite a 
number of these Ftations liisiruments so line aiul carefully 

watdwl ihjil the arrival of eiuthquake waves cun bo recorded with 
pi'evisioti to within one or two sccumhv Thus even at tliis day» when 
we call look back over hanlly more tliau ten years of inure iiiteiiso 
work, we pusisc^ji a tuass of recorfls that wc im able to JV=e for reliaVde 
deductions. And what do we Jind! T liope tJmt you will feel some 
nstantHhineiit when I announce I lie reHiilt^ and to diare vvith me to 
some lU-gree the investigators joy, when I address you as t lie n.^pre- 
sentative of geophyiiics. 

It is found that to ii depth of about 1,500 kUoinetei's the velocity 
both of the first and of the second precursors fteudily increases, to 
become suddenly almost constant fi-om that point onward. It is 
probable that I here is a gradual increiLse in velocity even beyond that 
point; hilt tJiis ^ so flight (hat exiiitkig obseivalious do nol as yet 
permit any definite ci:jiiclu&^ion n^garding it. This statement b valid 
to a depth of almut *1.000 kilotnelets^ that is to say, abu-nt halfway l^e- 
tween tlic surface and (he cenlcr of the earih. Existing observatioiis 
do uut pennit us to curry our infcrenci-^? further into the interior, 
But I think even this^ a re^wctablc achievement, and, iiJ0rei>ver, 
we have every hope of fartlicr advaticc and eventually reaching the 
iMeuter. 
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Wo wiJl now turn to the jwint in wiiich wo nro speciRlly itit p rested. 
Wliile the behavior of the earth's strata chiingcd nt a iiniforin rate 
down to a depth of about 1,500 kilometers, a sudden jump otwiu's at 
that depth. What does this mean? EvicJcrttly we have to infer 
that at fi ilepth of l.riOO kilometera tliere is n sudden ebange in the 
eonditinn of the eartlrs strata. Kecall now, if you please, what I 
said in the twginning of my address coii«ming the conclusions wliicli 
we are autliorized to draw concerning the masses in the interior. We 
found that in all probability the eartli contains a metal core emlwdded 
in a rooky mantle some l.tinO to l.t'iflO kilometcra thick, ’lou will 
adjiijt that the evidence fiirnislied by ttartlitjuiike study agrees with 
this conclusion in a remarkable maimer, l^'’e are justifietl in nssutiling 
that the place of the jump in the piopagutiou of onrthquakc waves 
is precisely the passage from the rock mantle to the metal core. Thus 
vanishes tlio uncertainty which affected our conelusions concerning 
the composition of the earth out of core and miinlle, so long as wo 
were able merely to appeal to oliaervatlonii on gravliutitin and on tho 
flattening of I he enrth. With greatly strengllieiied twntidenco wo 
may now afiirm tliat tho earth consists of a metui ctno enveloped in a 
rock mantle. Previously wc were only able to estimate tlie thickness 
of the rock mantle in a cmdo way as approximately I.JJ00 to l,ti00 
kilaineCcrs. The earthquake phenomena now tell us that the thick¬ 
ness amounts to about 1,500 kilometera. Tlie residuum of uncertainty 
can hanlly exceed 100 kilomelers. .Similarly, oiir prerious inference 
regarding the density of the metal core now attains increased cer¬ 
tainty, and the conclusiDii that the material of the metal core is 
mainly iron gains a new support. 

1 have not yet given you any indication of the velocity of propa¬ 
gation of earthquake waves, J will now state that the first pro- 
cursors Iraveise near the surface about T kilometers in a second, and 
in the metal core about lU kilometer in a second. In the case of tlie 
second precursors ilio ctirrespomling figures are about 4 kilometers at 
die surface and 7 kilometers in the metal core. The principal waves, 
which move nlang the surface of the earth, traverse about 3.4 kilo¬ 
meters in a second. 

The mathematical thcoiy of elasticity enables us to infer the 
elastic properties from the velocity of the cla,stio waves. Thus the 
earthquake observations of the present day also place it within our 
power to determine the elasticity of the earth’s strata with accuracy 
down to lialf the distance from the center. We find that as w'e de¬ 
scend, the rigidity of steel, that is to say, its ela-stic resistanoa to 
changes of form, is exceeded after a few hundred kiloiiietors. The 
metal core shows a rigidity four times as great as that of steel. All 
this agrees perfectly with wlmt we learned concerning tho rigidity of 
the earth as a wliole, from tlie tides and from Uie oscUlatioiis of the 
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polefSi IW arf also coiiblcd to irulctilrtLc tlie compressibility of Lha 
aartlf® straLi by prost-ui*a. As a defitiiLe inference there from, wa 
learn ilmt the increase in dandity toward the earths interior can not 
be explained by the tJrcitftjre of the overlying? strata, I was at 

Ei-st nble to present to yon ineitly tis a tsonjecturci naiTiely, that tho 
differences in density in the earth indicate diffe^enct^s in material, 
thus becomes a deEiiitc and precise outcome of observations. 

But bow are we to explain why the rigidity increases so rapidly to- 
ward the interior^ and in the core is even four limes a^ great as the 
rigidity of steel, Hocing that we are to suppose the mantle to Imj com- 
posed of tiie known rocks, and the core mainly of iron? The answer 
is very simple: Evidently W'e have here the efleet of the preasuro of 
the earth's strata, which forces tlw molecule-^ dqsor and ehiaer to¬ 
gether I he farther we peneirate into the interior of the earth. As 
proved by calculation^ the pressure at the surface of the metal core 
amounts already to half a million atmospheres and iiicrpa_scs toward 
the center of the earth to nlxmt .*5,000,000 atTnosphercs. Under such 
eircumstnnees, it rnny readily be conceived that there mttst lie an 
increase in rigidity. The fact that earthquake phenomena furnish 
iiifonnatioii cunoemmg the behavior of matter niider siich high pres¬ 
sure is of the gxTiatest importance for physics, for by otir litiman 
appliances in laboraturiea we are enabled to produce a pressure of at 
most a few thou^nd atmospheres. 

You will probiibly expect me to say something regarding the tem¬ 
perature in the interior ol the earth. I ran not aay much. That the 
temp*?ratiin: is very higli h proved by the nipid riso observed wher¬ 
ever meu have penetrated into the. interior—in mines, in railway tun- 
nels^, in drill holes* It is also proved by the hot springs and, alrove 
all, by the volcanoM. Xear the earth s snrfoce, where we are able to 
make direct oiiser vat ions, we find an jnereaae of tenqxrrature of about 
2 to i degrees cetiligradc for every m meters. ConBiderations bas^ 
on these observations suggest that in the far interior of the eurth the 
temperature must surely attain Bome ihoit=-flnds of degnajis centigrade* 
That the material of the earth nevcrthelesy dovB not Ijccome iitpiid or 
fven gQseouB at aueh high temperaliirest but is proved to be verv 
rigid, mn-Bl be uttrihuted to the extreme pressure, which pacts the 
moleculf^ together and robs them of their mobility. Keeping thm 
ifi mind while trying to asxertuiii the physical behavior of bodies 
witli increaso of temperature, we may infer that the tem]>eratui^ in 
the interior of the earth mmst cerlainiy rtumiiu lielow 0,000 degtepcs; 
in all probability it does not even readi 4,000 clegrw^s. 

US5 look back over eveiy thing that has Im-n dkmssed to-day 
As the verdict of science, we leani tliat tlie earth has i>ecorae, aa it 
were, Lniiisparcnt to our view* Iq pailiciilm- the curthqnako wiLvess 
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render to ihe geophysicist somcwhrtt Uic same scrvica^ that the Ront- 
giisn rays render to the physician who tries to examine the human body. 

If we consider tlie feebleni^ss ijf hoinan tneans^ imtnnil scient:* may 
well bo proiu! of its achkvcdienta, Bnt wc should not forget also 
that the retru£i|ject iitTonJs iis no less motive for humility; for. as I 
tried to point out, succeiss was only achieved by an immense exi>endi- 
ture of labor and pains. And yet f bave rp|>orlcd to you only the 
advances^ and have siiid nothing of the failures and mistakos^ nothing 
of the labor that was qwnt in vain. 

Ill fact, in this respect geophysics does not dilfer from the other 
branches of nalinnil science—every forwanl step Tvhicli man la aide to 
niako in tlie path of knowledge is dearly purchased. But this need 
not discourage us. So long sis tlie joy of life fills the breast of man 
coiifjncrors will l>e found ready, not as dreainersi but with the will to 
do, placing their strength resolutely and joyously at the service of 
the investigation of nature. 

I will add liy way of siipplement a few remark:^ additional to those 
made in the address. 

(fl) TAhC nwon drop of the carfh^tt —To man, standing on 
the surface of the earth, the tide waves seem to mn n round tJie earth 
with the moon. But if we imagine an oiiscrver stationed in space he 
will have the iaipression tliat Oie earth revolver Iwneath the tide 
waves created and held in position by tba attraction of the moon and 
sun. As the tidal currents involve friction of various kinds, it is 
evident tlint the earth must be checked in its revolution. The re- 
tardatinii hut Stiight; calculating from the present factors, we infer 
that il would merely add one second to the length of the day in a1x>nt 
live hundred thousand years. However, looking back into tJic past, w« 
find that many million?! of years ago the earth revolved far more 
rapidly than it does now. The tidal friction has another consequence 
of importance for our inquiry: It causes the moon to move farther 
and farther away from the earth. To understand how^jdils comes 
about we must note that the rotating earth drives the tide waves 
somewhat forward, in advance of the mcK^n. As a consequettee, the 
tide waves, by recipn>cal gravitation, irnpart to the moon a constant 
forward impulse, and this acceleration, which moans an increased 
force of revolulioii, driv^ the moon away from the earth. 

If, with our minds filliHl w ith the jdcaa thus gained, we go back to 
remote ages, we arrive, by the aid of calculation on the basis of actual 
conditions, at n time wlien the earth i>erfonne<l one revolution in a 
few' hours, while the moon revolved around il in iiiirnediate proxiinity, 
in the siimu spare of time. This evidently leads us back to the time 
when the moon itself originated by detachment from the earth. The 
jjrocess must have Ix-cn some what as follows: In the early ages the 
eaith 111 its outer parts was liquid, or even gaseous. Contraetioni duo 
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td crodlirigi, <:nNi^d ltd niolioii td Ix^cdnit? lacuT jnul moro «rcdlei^ted, 
till fiii 2 i|ly 31 raicIiGfl a point u'heit* gmvitjttion ira.s no Jonpi^r sii6i<!iont: 
to maintain Ihf rllijjsoifJal shojae. As inffrji'Ll bv cidcnlalion^ lln* 
^iihseqnont dotacliment of o drop bt^giin t!idrt.*ujxjii t*.s inj prtnndicated 
hy ihii development of a ptftr-sLafKHl appcnranco, Thh fioar-thaped 
IxhIv coTii^tncted more and more, iinlil the singlti planet 

was divided into » nisiin bidy. the earth, and a saitellUe. the xumn. 
As (be lE^onii was thus fortiied of the outet' partt? nf the ofi^nal liody, 
Wo infer that it coiiMsts of tiio same tiiuterijil that in Ihe earth was 
arrangt'd in the form of a rock mantle. The friction of the tide^ 
therenpim carriei;] the moon farth<?r and farther awEiy fram the earthy 
and diminished the rate of I'^lulion of lUo eaiili. T4 ji]s (he moon^ 
whieb to-daj des^rj|>es its orbit at a ^rreiii distaliiro from the earth, is 
simply a drop deluehwl from mother eaiib by llie oenlrifii^il force. 

A very interesting: question is tliat regarding the time that Inis 
elapKod since the moon was sovertid from the oarih^ Keeping in view 
the magnitude of the forces at worfc in the tide piienomenon^ we can 
form at Ic.iHt an approTtimate judgment concerning it. We infer that 
it took place abi^nt ten thnn^and ini]Hon years ago. By an 
prosimation ^ wo must undch^tand in this ease that the time can 
hardly have been more than one hundrecl tliousand milHon years* bob 
very prtEhably more than one thousand [iiillion years. Life on the 
earth can only have begun a good while after the s^qiaration of the 
moon, and yet we are foitxnl to udmii that life has lasted scverfll 
thousand mi]lion yeare. 

with human life, ji poriotl of ion tliou^^and miltioii year» 
appears enormous; and yei it is so smjil] that even the tnoan can not 
have lost, during that period, ony great friulioi) of the he»t that it 
look nyay at its hirtli. 'iTins wo have to infer that tlie moon, like tlie 
earth, is stdl intently b«l in ils irUerior. As the pressure conditions 
m the interior of tho moon s body must he similar to those esisiW in 
the iwk luantle of tje eailh, we arrive at tl.a conclusion that the 
physical conditions of matter in the rock mantle of the earth are not 
great y different from those prevailing iu l|,e body of the moon. We 
saw that the material, 1 <h>, must bo the same. we are jire.'^nterl 

with an opportumly to a certain degtijc to test the correctness of the 
news alK>i^ deve oinid; fur if Ihoy ai.. «,ri^t, the rock mantle of iJ,o 
earth and the Iwly of the moon must have vcr>- iicarlv the same den¬ 
sity, It was idtown a while auo that arrnr>d1in[. “^ i . .• 

mri.<,iiak<s, the Ihietness of ihc pooh ^ 

1^00 kil™*™. If with Ihi. we ,j„, I. j ^ 

flverngo density of the cartii iind the demno of lie n-p**- • 

„,.,P,u'.l 0 .h« U,e opotoKen. the 1' “J 

times denser than water, Tho AVcn^mi douiitv of *n» ^ , 

ether heed, ne., he intomd fpeep S,P„r»l'’'h^tS.°°;J: 
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wbat is iH Referred to ’irnter, 3.4, A belter ngrccnicnt tliflh tiiis 
cotild not bo wWIkhI, and tbroiifrh it we ^^tun a fnrilior und very iin- 
portiiiit sujiport. for the wjiole series of our conclusions rugarding the 
condition of the glubc. 

(it) The caHh'H emit .—Vast diUetenccs in elevation lire found 
to esisit- nn the surface of the eurtli. Some pin tea us ure situated 
2.000 meters nnd more sbove sea level; the highest mosintnin tops 
rise to nearly P.OOO metei's. Tlie Hoor of the ocean lies on an average 
aborit SjfiOO meters Iwloiv sea level? the grentest depths of the sea 
attain about ft.iKlO meters. On an average, tlie land rises jiliont 1.200 
meters above the floor of the sea. In view of these facta it .seems 
natural to infer that the elevations indicate accumiilntions of mass 
and the depressiioiis deficiencies of mass, and in fact this was formerly 
supposed to be lUe case. Riit if this wore really so, gravitation on 
the earth would have to l>e greater the higher the surface; hut this 
is hy no means tlie care. On the contrary, the nieasureTiicnis of 
gravitalion have ahown that while variations occur, indicating an 
excess or n deficiency of mass jit various points, on the whole tlie 
mass of the earth is uniformly distributed over its surface. Thus 
the elevations and depressions of the earth’s crust in a general way 
nitsiin simply tlmt in the former the crust is less dense, in the latter 
denser, and that for lids reason it rises higher at the former points, 
[css higli lit the Tatter, 

These conclusions a.<Hume a special significance for the reason that, 
as shown by geologic investigntion. rock strata many thousand meters 
thick have in tlie courre of past ages, mainly through water circula¬ 
tion, been carried away from certain parts of tlie earth and deposited 
at other points, I low is it possible that nevertheless the mass is 
to-day distributed with practical uniformity all over the earth i 
To explain this there is no other way than by assuming that tlio 
Superficial accumulatioua of mass are compensated for bv srubterru- 
neaii removal. Therefore the solid cniat must have ti soft F 5 ub- 
stratum, on which it lloubf, as it were. Geologists have for this 
reason often been led to infer that the interior of the earth is liquid. 
IVe have seen that tlie earth ns a whole, in the presence of the tidal 
forces, in the case of pole osi'illations and of earthquake waves, 
Iwhaves as a sol id and that it is even remark ably unyielding in the 
matter of elasticity. Hence wc can not conceive the interior of the 
earth as being liquid throughout, in the current meaning of the 
word. It is po&ible, however, that lieneatb tlie outer solid crust 
there exists at no very great depth n molten layer, so tliin in pro¬ 
portion to the earth & body ns not to enure any perceptihle diminiitjoit 
of its rigidity, \olcanoes might then be regarded as vents connect¬ 
ing that layer with tlie surface. It nii|;lit idso be imagined that tho 
liquid layer at tlie present day no longer extends la^Jicath the entire 
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cru.stj I Jilt thnt it h mtfri*ijptoil by piirtion.^ and llm.s 

didded intd |msrincie«. VarkjdS phmicjniejia nf viil(?uni5iJi wniild 
to agree better with that usaiiniptioti. I will midilj grant that 
snch infrronces may correspond to the leality; but yet U scema to 
Jiie very- remarkable that the observations on eLirth<iuiike^^ no 

indication of a Hquicl layer* 1 mu-st iiclmiL Unit the nines of 

existing observational nmteriid is as yet siimil, and thiit thin fact 
may explain the eireuiustance juat mentioned, yet while awaiting 
further (levelopinents, I am inclinerl to subscribe to the view that 
really lit^uid area-S are found onh'' in isolated parts of the earth s 
ortj-st. and that on the whole the siibstnitiiin of I lie crust is not 
^4iqniilj” hut merely ■"plaiftic-” It m well known that many ap¬ 
parently solid Iwidiea gntdual1_v yield even to very i^light deforming 
forces* if these act long enough. A stick of sealing wax sujiported 
at both ends will Ixmd, according to the lern[M'raiure, in a few min¬ 
utes, days, or years j pitch llows readily and quickly^ Glass acts like 
sealing wax even under a slight rise of tcmpcreitiireT and tlie same 
has bwn piovcd to l^e the i.ta.so with mauy minerals. There is re^^sou 
to believe that bv far the grt^aier part of the substances siirrcninding 
tis, pcrhjtps alh are pbistic, provided sufficient time is availnble for 
them to show it. Thus it seems possible that the earlh'ti crust In 
the deeper, hot jiarts may indeed act as a solid toward the quickly 
passing earthquake wnve^* bnt as n plostie body toward the geologic 
fon:sE^ acting through mUUons of yeai’S. 

One more point bas to Ik considenxb which ia of great importance, 
in in any i^pects of decisive importance, for the sliflping of the earths 
cJiuit and of the visible ssurfaw of the earth. A notable part of the 
rockn forming the ejirth's surface possesses the properlywdien sub- 
jecled to high temperature and high pressure, of absorbing w'ater tmd 
forming with it more liquid and less dense compounds. I’hus we may 
well HSKutne biuieatli the earth's surface a hot rock la 3 'er formed of 
these w'ater-itupreguated coinpoiinds^ it isiismilly called the magma 
Itiyer.” It probably represents the plastic factor w'Jiich, by yielding 
to incrensetl pressuiret ellecls tlie etpi a Libation of niass in Uie eairtlfs 
crui?i. During the gradual cooling of the earth the water h libiTatcil 
from the magma. It luis often been suggested, and I must confess 
that 1 am disposed to welcome the suggestion, that in this way' the 
origin of the entire cKcan may lx? espbined^ and that the hot springs 
show' 115 at least isonie of iho pa tits by which the wratcr liberated from 
the depths of the earth iiy cooling and forced out by llie presvsuro 
of the eariht is conveyed to the ocean. 

One more reruiirk. The pln-sticity of the earth^s crust givtsi rise to 
a jjeculiar instability of the surface- in the case of differencefi of 
leveh material is washed away from oue part of the Hurface by wider 
mid deposited on niiotlier parti the earth's cnist at the points of 
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denudfldon must risse iti consequence oi dimmiaheij piwijre, wliilc at 
the points of dcpo«iitioa it must sag by reastm of the Increased pt^- 
sure. Hencct at the jwmts of denudatjon hot, water-charged ik and 
lUereforo leis dense rock masses will rise from beneath, while at the 
points of deposition water‘free, cold^ and therefore denser strata will 
descend. ConJiequentlyj as a final result, the former higlier parts of 
the eartli become less densej so that their surface^ despite denudation^ 
must be raised still higher, while the forwier deeper parbs of the earth 
l;ecomc denser and their mirfaco therefore descemls still lower tlmn 
it was before. Thus denudation and depositioni instead of equaliz¬ 
ing, accentuate differences of level. Mountains rise still lijgher, the 
sen bottom sinks still lower, and thia continues until other factors 
make themselves felt. We have thus arrived at the exeec?dingly com¬ 
plex geologic processes which deteriiiUie the forErmtion anti tmnsfor-^ 
matioii of condnenta and seas, plains and nioiintains, and this reminds 
me that it is time to close, for the diseiisaioii of that theme would 
require a treatise by itself. I am all the more compelled to conclude 
at this point l^ause even the indications that 1 gave exceed the limits 
of what is griiernUy admitted in geology, and 1 shall therefore have to 
prove tho correctness of my as^^rtions elsewhere before the trihimal 
<if science. 
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THE AXTARCTIC QUESTION—VOYAGEK TO TITE SOlITn 

POLE SINGE 1898 .- 

twiih i 


By X Macmat, UtL D., 
rno/Mw&r ur iht^ P^tk, 


P^urr L History ov tiie Expeditjon^s* 

Under th(^ of the French At-ndemy of S<deiicca and of the 

iftistHim of Katurul IfiirtoT^ of Paris, Dr. .J, B. CUarwjt Ihli id pre- 
pa ration a second cspodilion to the repons where from l&OS to iOOJi 
he conducted the very sneceasfiil cniL?e in the ff’mncaw.* Other expc' 
ditions^ two Englisli and one Scotch, are to explore Uic Ross and 
Weddell seas, and a Belgian circumpolar voyage baa abo been 
planned. Jtist aa this second French cnterpriBe is about to start in 
the endeavor to rob the southern ice fields of iheir secrets it aecnis fit¬ 
ting to briefly review some of the HChicvonients of previoiist antarctic 
expeditions, and to give a general statement of Uie proldems that it 
is hoped may soon bo sol red. The narratives of the explorers them¬ 
selves and tho numerous puhlislied observations shall bo our guide, 
and as to those expeditions that are in preparation, or that have 
already started we .shall refer to the instructions published by the 
Academy of Sciences for the guidance of Doctor Charcot, 

aOUTH POL.VH flXrL01l.\Tl0SB ^NCtE ISGS. 

It was the suwessfiil voyage of tho Belffka in 1898-’00 to Daneo 
Land and tho neighboring inlands tliat opened up the present era of 
south polar dwcoveri(«. No other vessel befon? that under il. do 
neeJachc, equipped exclusively for scientific work, had wintered in 
the Houthem ice fields; no otlier explorer had lieen able to direct such 
exact observations and for so prolonged a period. 

The limited scope of the present paper prevents a review of ant- 
^ arctic work prior to that of the fielffifti, a stoiy ito welt written bv 

‘TrniialatiHl Uy [H-niilsglrjo from neviie Si-Jt^iccs pare et nrs 

pllqut^ Paris. lOdt y«ir, X<j«. Itt Jied H, July is aad July 30. JtlO!}. 

"TJila lie per was wrineu Aprtt, IMS, 
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M. tie (lerlut'hc liimself and by otJier curlier explorersj.* Otir aitn 
will be to doserilx! the clmractcristies couijjion lo the vnrioiig espe- 
tlkionii towiird tlie South Pole Eiince 18 £l 8 mid to note the spiecial work 
of each. 

Severul of the crtiisce here dcseriLied were munificcTitly equlppet], 
es|>ecially tliut of the Dinifovery, an EngUsli c^epedition, and the Ger¬ 
man I'Xjiedititin in the (/aii^a. The hitter ejtpedition was carefully 
prepared in the iniiintciit detail iti ISOti under the patromigo of tlio 
Eiupei-or and the great scientific socictiw of Germany, and was 
fiiiully onduviiCd with an approprialtun of mnje lluiii 1,100,000 murks 
{$275,000). Several of the vessels engaged in south jailar explora¬ 
tion even when poorly ei|uipped have achiwerl gfjod results and lead 
to a ho[)e for great succe.is from others iiicii'e generously supported. 
'ITie for instance, wa.s a small vessel of 244 tons, and M. tie 

GerlacLe met all the e\i>cns8S with 1415,000 francs ($00,000). Doctor 
Charcot ha<l at hia diaiKaatl for the Frati^'otf only 450,tX)0 francs 
($!X).000). furnished by Idmself or coUeetud after great ollurts and 
haste Ihtoiigh gifts and subscriptions, without assistance from the 
Goveriiiiieut; am] it can be truly said, according to the explorer him¬ 
self, that he could have completed the tusk attempted had he had 
greater resovin-cs, and perhaps have taken Iwtler care of his scientific 
inslrumentH and otlier cHpiipment. Such an avfjwo] teaches at least 
a lesson, referring, as it does, to an expedition that toiled so hard for 
the sake of science and for the fame of France. Xevcrtheless, all 
the expeditions have iiiiitated each other in tlic care taken in rc- 
cniiting the personnel, especially the staffs of ajKoiali^a, some of 
tliein distinguished men. They have Ijecn baffled neither by diflS- 
cuhies nor dangers in recording oljscrvations which were extended as 
long as practicablo with great accuracy. All the e.xpeditions, with- 
mil exception, have wintered once or twice in tile iejo fields. Finally, 
thanks to the generous supports of the governmenta niid of the scien¬ 
tific soci<‘tie.s, the results of tlieir work linve been published. 

Regarding the difficnlties !n making scientific observations, uhich 
in -soma r^pwts arc even greater than in the arctic region, we shall 
call attention to only a few, JJauger to navigaiion is nla'uys present 
in thos»e rou^i and foggy sons, ever covered with floating ioo, Tho 
great extent of ibo compact ice Holds and the uneven range of hy 
coasts prevents near approach to tho maiiilnml and causes cnnstanl 
movement of the great fields of ice, often making it impossible to 
identify localities already kiiowti. A ll this crates a thousand 

«8et* do oerirtohe: ear losostiJMltldne iim ^jt. riecmie collo 4e In Bciirfcct 

BbII, Stoc. Iwtee do CHiBsr., 1000. m rwtV-Mi. ii,. (i,.rloelic. litittnr Chnrttit' 
IiitToiMictloiHf lit? Knira reetta di< voynut*. pitrtj Parlaoi t E.); Vera la tewp 

jKilalra amamlc. M?n». .Arad. Sol. i<t B. L^ltTM rte I.yocL lOOJi, n|i. 247-57.) 
Aad chiefly rite ctaasle Iswk by U. Mttrmy: Aiitareile Manual, Londoti, lOin. 
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(Iiitifjers iiiul dyJiws to foot or siled^ journeys^ nnd finally tlio pliysb- 
logicnl eifc^cts of polar nnfomia, which ]jav(» l>wii kept secret by cer¬ 
tain tnivelern, may caiiw seveit mental diMurhantx^ and result in 
fatal causfH|iiiuiee^ These con<litiuns show how much we should be 
indebted to iiitri'pid explorers* 

We^t anliircfic i*xp7i>raiwn^. 

It was under the coiiditians etminenitckl that M* de (Jerlaetie lu 
ISDfi undertook to explore, in the tlie entire gi'oijp of islands 

and lands son 111 of Cape Ilorn^ on the side of tho ^louUi Shetlnndsj 
previously visited by liellingshaiiseii, Dumont irUrvillo, and Dall- 
inann. Tiio ex|rlon;r dL-vovercnl the strait liiat beiit^ his name, 
Iwtwceu Daneo Land aiul the arcliiptdago then ealletl Din'k-Cherritz, 
He surveyed IjoLli sliuri^ jtud added mail}' photographs to his snrveyj 
which was the fb*st dcdullixl one made in the south polar i^egions. 
Af[iT this the reachnl the southwest of Alexander 1 Landj 

pushed through tlie ire puL-k, and drifted from February '28, ISOS. !□ 
ifareh 13, 1809* On ilay 31, LxSt>8, the vessel reciched the limit uf 
this drift in latitude (0^ 40^ Such full scientific obse:jn''ation^ were 
obtained that they have aroused great interust in that regiom® 

In 1002 and 1003 M, Otto Nonlejiskjoldt in the extended 

theso discoveries by exploring to tlie east mid nortiieast of Graham 
Land, and lueated a perfect and .^parate group of polar lands, for 
which he proiKJsed the name AVeat Antarctide. lie survey e^l in detail 
the south sl^ore of llmiisfield Strait, into wliicli the waters f™n 
Gerlache Strait flow through the Orleans Canal, and also surveyed 
the east coast of Louis Philijipe Umd, of King O^ir Land, and the 
adjacent islands {Joinvillc, Eoss, etc-)- The bead of the expedition 
remained at Sno^v Hill (Seymour Isle), latitude G4 ® 22" S.. from Feb¬ 
ruary, 1002, to Xovemlwr S, 1903, and was rejoined during the second 
winter by a party left at Ray of HopefGunnar Anderasoti), and a little 
later by the remainder of tlir Antarctic crew, who had left their ship, 
wrecked by the ice, to tnke nduge on Paulet Island, After twent}'- 

*BuUetln do ]a roynlo de CS^Hiimiplile for itHX) cfiutalolEii.' Ihe 

ncccuaiw idvca hy Bevcrul ukLaut>ora of llie c^iiodUIau since tlioJr roturii. S?ee, 
aH|jec;ljin>\ AfvtowHtl: ^ZikiKtaublu i>h> dc In r^^lya vlsrftf^j ijair l^oXiiedUlou 
illK SiiMrrj). See li Racovliaii : lie^ultata i5<-afnnix ile m^[riW)|tlim ant- 
jirctlaiie Mac. Lji GCoet*, lOOO, pXK Sl-OZ The luofat lJii|)orMui[ ilelaUcd de- 
scrlptlrias flf ihc are the following: Dr. Fr, Ah C&okr Taroa|-]:i the flrat 

antnretie night. I^ndon, IfNJa S'*, r>e Herlaebo^ Qatusce laals dans rAnl- 
nrftlqao, Urufiselj. 1D02. S\ 

The julhlk'Atlan ef the iiiOlentiflc lesnlta was Ifccgoa at AiiEwcrr la lOOt, la 
quarto volnines, lunler the title Ex|>i:Hlil!Dn natarctlque l»elae, resamils dii 
loyngo rtu irl. Vp Hclpita <ai 180T-lSa9. SrlenlSflc reports: l^oo Aretew^kl: Dio 
Aniarknahe ESavurliKluilsaeH Pol MlttlLH I H, 1003. 
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two tiiontliK on tbe ice pneic tbo expedition, relieved by tbe Argeuliiie 
sbiji tVwyi/fly, brought tin* rennltij of oli^'rvutlulls tukeii at three dif' 
lereut plsoes, and completed bj" the journeys made liy its iJiief over 
tile ice pack at King C^scar Land." Tint part of the collection was 
lost with tho Antartth. 

M. Otto Xortbjjiskjold was still at Uuenos Aires when tho Fran^ai-f 
urrived ^vilh Doctor Charcot. As soon as Ite decided upon the 
expedition, with the <oip|>(>rt of tlio Acailemy of Sciences mul of I lie 
thiscum, Ah Cborcnt liad his abip built and IiostUv eciutpped, in 
order that France iidglit sliare in iliscoveries in West Antarctica. 
The devotion and the spirit of endurnnea tliiit nuirked the entire ex¬ 
pedition during n stay of n year in the midst of the ice, bore full fruit. 
Two cruised pemiittcd a survey of the Pnhiier Archipelago on the 
Pncitlc side, the exploration of the south part of do tlcrlache Strait, 
and the reHOlting of survey marks on Archipehigo. as fllsi> on 

Loidwt Land. The winter of ll>04 wa-s spent at Port Charcot (WaiiJel 
Island) tiiid gave opjx>rtunity for ooiitinuuiis, accurate, and viiricd 
obser^Titions, completed during sojourns at Port lA>ckToy (Wieticke 
Island).* I'ij^irn 1 indicates the gragrapliicul iuijmrtucice of tlib 
work, even wheu compared with tiio work of tiie liehjica and 
Atitareik^ 

EatplefFixtioiv cf the ke to ifte HUttth of the Atlantk a ml Intfiiin 

oeeanf. 

^VTiilc it was duis cstalilishcd that south of Capo Hum thcro existed 
a land rcmarkiihly symmetrical with the extremity of Koiilli America, 

“Otto ^'^nTt'nskJuh]! An jtoiu autarctiuin^. Trunatiitutl Ur CIi. liabuL I'arta 
lUM. S’, 

Otto XorJenskJuliI el Gunnar Anaerr^ni: TJie SwitllHti Antarctic exjjft]Ilian, 
ticugr. Jonni., lOOl, up. 

O. XortIenijlrJi>Til: Iteaultata si<k*inltli]itts Ur rexp^ltJwi nntaretliine Rii^lalee. 
1 ji Uikigr., IPOt. ttil. II, pji. rfni-SHU, Iblil„ Note Bur Ja gtndntlou aabirctlnue 
Iji O^egr., tow. Vol. 1. p. r>. 

iievi'it volumes on tho ack'iilille rfsatla are nnuouiiciiO; tin* publteatloo of thoao 
referring in the mitnrul bisiary hcgnn hi ititrr, Sw tnoiuotrM tintillBlinl 

In the Bull, de riiMd. pt-ol. lie I-I'nlv, dU’,isBl, aud lowed In the oscollmil 
tilbtteRrujihy In Ann. de Gfogr,; O, N'rirElenFkjniiti ItecbercIiL? aiir VAnlarcLldo 
de rOiiusl; Gunmir Amlenwotit Sur la pfflioBlQ dp |,i Ti.>rre do Graham 

»Pwior Charcot: U* "ymm'nlB'' nil ftfUe Rufl. Parlu. moo S' 

The Tohiiac* on Wlcatlflc riisulf* are In r^cviAnitlou, to Le'laKned at the Gor- 
PnauLiifB iiriwiiwj aad maler Ih- ,ll™.-llnn of a coiuiulttk.n chcaeu br the 
Acadomj- cf Seleuow hy tho Mxinoimi. A resume o# the obsorvnUotia zmv 
iHi f-oed in rhe amicaiil* at the eml of i|» ahovoMrIted volume, wihoIoITv 
the note on iuetcorolo«lcal observatteuB hy J, ,t. luy mouapo). .Wrinttuu 
of ottluial and vogolalile lift- hjr J, Tunut..i ) ; siudy of oeohm* bo.I 

of Rjuclototry lij 11 nounlim (j>ii. ^4 t-iy(n. Uoclor tlhanot hnaheHldpa w^iit«, 
about tho iii;lcutiflc worlis of the esiadltlou lu La Gfogr., iWJo pi, ‘jyv^tSo 
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Geimnn wnii Scotch explorers umkrtook the stiiciy of the ice bauk^ 
ly\u^ farther to iho cast already approached or entered by Cook^ Bel- 
lingshau^nj IVecIddl, J, Ross, and by the Chi^nenf/^r (1874), He- 
gaixHng the large expanse extending m far to the s^iitli of Aii^ 
trftlia, tovvikrd the scene of Dumont frUrvilk's and lVilkes*ii cruLnw^ 
the charts ihm indicated only approximately the location of the ice¬ 
pack front and of 
Unds im tier fee Ely 
seen or supposed to 
exist. 

The 

poditivPM 
{rnuM^ heaaeo oy 
M* von Drygafski, 
ohd which was ex¬ 
ploring Lit the same 
time as the Anl- 
aratic (1902-3), 
was enabled, by 
wintering to the 
southhen st of 
ICrrgmden in Jati- 
tuda iWi^ 2^ B., to 
make a ca refill 
study not only of 
the ice bink, but 
also of tlie various 
forma tjons of coa?;t 
fflnciers that bind 
inland ice. 
ilo iiH 
iicViJ peri]]iltod 
a]>proacli to tho 
continental glacier 
til ifiirvc)" and make 
photograplis of the 
volcanic cone of 


L —Itf dt' OurlHClli’. Olio XotdL’Et- 
and Clurtol^ 

Snriif jr» of ilie iitlitim. 

llfPQ[Jjeitl«il ImihkI an nlhmirtAtloni of 

= Surrnji of th^ Nofik-fiiilrJOia In tl» 

— ^fiurT^jn of the 

Ooplile a&d'crlliw icwSktitci il wlnt-eriB^ HLadon. 


Jfount Gaiift?. sitiintwl on itii border nnd pcrliapfi n piirt of tho polar 
eoiitinent ibirlf. The scientific instrunieius of tho vessel, carefully 
kept njicl hatifllcd Ity expert spucinlistK, made possible most acciirate 
ohservatioiiH tii physio|p-ophy and natural history. The e^pwlition 
WQS also provided with a Iwillooii, which was lUiHswd ou several 
occasions,* 


■*?an Itai? n il;olAni>d dmcrlatloa at the Goiwi expeaitfna: 

Zuni Kontlncnt dew lierlla, 1B0|. &*, See a.\sa, Berlelit aber 

1908 - 30 
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It w(is farther west, toward the WedtlcU So«, that lirueos Scotch 
c^ptidHion In the Hmfia dircctctl its researciii;s> The two t:ttii)pnign 9 
of IfKt^nnc] si/fiializeti hjp journeys over tUe ice ]i»ck, giive opjtor- 
tunity to reconmdter on ice cliff <50 or 40 meters hi^li for u djatanee of 
150 miles and which ptxiihaUy has a liiiui Ui>e (CV-atjf Lantl).« 

A'xplortitton hi tfte vichiitff of VietoHa Laiiil, 

To the south of Xew Zealand, in the latitude where .T, Hess in l8-t3, 
after the discovery of Mount Erebus, met the grt^jit i<‘e barrier iliat 
Lears his name, two seieiiljdv e.\|)(aIitions have ct-tubliiiheil the wiUoiir 
of a part of the polar lands. The ship Sont/iefn Crofui, whtdi started 
at the same time as die willi SI. UorchgTcviiik, sojourned in 

the polar wuie from Kebrtiary 17, ISDH, to .Inmiary *21?, lltOO. Tliis 
e.vpe4lUioti largau n delniled siir%'ey of t!ie lands soiilh of HuHeny 
Idaiiils; lirst. the northwest estremily of S^'ictoria Land, where a 
meteorojogii-a] stulion was erected oij Cape Adore, and then nt Coul- 
maj] anil at Krehtis tslumls. A cruise towuid the southeast aloiiff 
Hoss’s great harrier, niLil joiitneya over the ice pack as far ns latitude 
78® GO' S., Ijejond the extreme |)oinl readied in the past, have helped 
to establish the nature of these formations 1a;tween llount Erebus niul 
Edw'ard VII Liiiid. The very fine co]lections of iiaLurul history, the 
photographs of the coasts or valleys discoverer] and of the lit torn I 
moraitics brought back by the Soiifftern Crogi constitute results of 
great scientific valtieA 

But the most HUccensful and remarkable of all tlie Antarctic expe- 
ditmns was tliat of the Dt^ccvertf {1902MtKM), superbly c<]nipped 
as it was for the task. Tlie reconnoilering and surt'eviug of the coast 
of Victoria Ijuml and the neighlairing islntids from Ca|)e Adare and 

Vcrlaiir iinrt FtKCtinlssicder douisclicn SDrtiiotrtr EkiuhIUI™. yA-llsthr. fUr lirdb 
Berlin, %W*. Mi* H-tl. 

Tlie (Irtiillfd aeteiitlQc reperta are ruliUriiLd In ninatrotisil o'larlo fwmpliJDbL 
Tliey Imre Imhh rcvtuwvij in tbe rmiewhi); [iiibliiiatliaia: Von Iirymlskl; Pk 
driitM-he sadiKilar ISsiieillikin, Ilerlvlit Ulicr ilJc wiKMpnBelinftlklieu Arhullnn, 
Itcrilii, Itm 8*, The Vcrhnncllitnsi-n at ilie KlfinnUii Owilcrauwl Cimatc-ia at 

Daiiala (June. 1007) coutalaa hcv*^ rtiwop ot ibn tneinln'ra of ltii> eiiwllfitra 
Inteniiedtcilv between the dL-«crl|itUiii at Ike wpyai?!' a ad the wleatJik rusnltsv 
Finally, taKrtur Pblllppt, nf the esixiUttuii. wlia kid Uevoteil JilniHclf anti lila 
rceogalzeij ahlilty to iiu> atudy «f plimutf. KlarTology. Ims io the 

vSeitadir, der Glcteeherbanile (July 1, Itarr), n wmarkablc niDiaoIr ejitltleil' 
■■ ITcber die bau»]elJslH»t>aeh<naKtn tier letiteii fflnf smipibir Espamionaj “ 

- W. S. ttniee. itob, i\ Hoaeman. ear.: First Aalawtlo voynj.-e of tlie 
Sroltlsli HeiiRr, Maa,, IWH. pt«, B7-O0, 113-1:15, Knr the eeeoiiO cruise aw ibltL. 
!£»&, Pk 23-37. 161-4-10, 

»fUiPL’hlEri‘vlu1c: First 00 the Antttfvtic Cnrtluent. Iptinilmt. inoi. 8’ -nila 
doaertpHon wua reviewed tn tlcnigr. Jonn,., umi. p, 4Ta Anollier clwrrlation la 
that IreuBd by Benmecht; To tfio Soutk Polar Keglona. London. IWI. S’, 
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^(l*lint Sabine to Ijeymitl hititvule S, (MeMiirdn Strait); 
study of the re^^iotis diseovemj and of the littoral (Mount 
Mount DisLH>very, etc.); n fearless sledge Joiirne^r for i^OO kiioaieters 
over the iiilerif^r of \'icEorJii liiiiul^ a feat unique in anstrnl regiems; 
the ndnlorin^ at latitiide 78^ S.; the jHiliit ^j^teiidcd hy Captflin 
corres^xJULling wltli longitnda 100'% Paris nicridEun. ns far ns 
latitude II" S. {south pohir record) ; the study of Posh's great 
barrier and its connectioiii^ with the a^ljoining lands; and. finally, an 
exceptiojId 1 ntunber of observations—such arc* some of ilie must im¬ 
portant iichievenients dint give nii idea of the imjKirtnnce of this 
expeilition. Siv^t!, ns also did Von Drygnlskij nddin:! balloon nbser- 
vations to direcl obsi,>rvalions. lie likewise sttulieiL either gning or 
returning* the sonllierii ncean norlli of llm Antarctic Circle, in the 
Intitudes reaclici'l hy Dnmnnt dllrville (Adelie r.^iidli nud b}- Wilkes, 
nritl expressed n negative opinion m to tho existence of AVilkgs*s Land 
which no one w ill deem unjustiJinble.* 

TkISST AXTARITIC l^VNlAS UXIH Ht,vnH 

Several attempts have been made in l^’rnnee and abroad to bring 
iogother a geneniJ amount of the rcsnlLs obtainnl hy iiiitarctUi expe¬ 
ditions^ or to dii4cuss one i>r mom of the important questions that 
Jill VC arisem/ but the general descriptions am rather old* and the 
authors were not enabled to profit by all the Ilurrllti’vx^s that have 
recently appci^arccL 

It is With to all the lands south of America—that is, to use 

tlie naine suggested by O* NordenskjolJ, We$t Autaretide—that the 
the Antfirctic^ and the Fratti^ah expeJilions have brought 
bigcther the greatest amount of atcurate hi format iun. IVe can tinw 
draw' the physini! g^^jgrapliical contours of this region, not only hy 
folluvring the nurrativts uf the voyages, the scientific rcjiorts, the 
photfjgrapliN but also by using the surveys or charts made tm the 
spot, principally tliose hy the staff of the Autfirclir (Anderssnn; 
Cade g^ogj*af>hiqiie do Ja Terre de Graham a l/p'i,OOD,(}Otl et i\ 
l/t^tKKOtlO) jiiid hy the iiieiiilKTS of the expinlilion (lev-fs de 

rarcliipel de Palmer k 1/400,0(JO, de Tile Wandel a l/i^OlXOOO, etc,). 

"IIo cloeliiFCfl Ojiit W iJiikd ia nii lt]uj5!oEL iSiTofl: Tlie Vsirnp^e uf Hie 

l^iicluci. iSaiTi. IS luljc TriULHlnied asui punUslieil la FfTiiiiJK nm 
Tlie iKUciitiac are tn vuxtrv^ luihllcatloic A sLimiuarr of wa^im Ijjis 

been putaSsLca by Ecvetnl of tbe eiia*Uitlosi la ibe Jeum.. lOOTi, 

[ip. ItlTp, C^aiitulij iScfUCs aceonat coutaluii tvro spfieaULxea nn lUc 
observatlnns imi aiistntl fauna. 

^Zlmmerunuui: Terrtw» cUlimt el elates autartUauuii, Aim, tic «<ki^gr„ 1002* 
p. 38S. 

! t>Hfi nularbllHche KlJam,, Pel MlU UKll* ik 138, i-lL ttalKil: Ijs. 
glaclntloii anUretlaue. d'apr^ L«a ttomtes exiSoTOtiuiie. La GCi>gr.p 1007, p 3$SL 
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An impi'cssioD of repulsiou liiis Wii felt by ull iit lEiJglit nf these 
lands. The |ibnises "‘fierre ^ntleiir" nr ii’ilil sol it ink " lire iisscd 
often at the iK^ginrtiii^ of the narniUvi^ of the voyagtjs, nioiogrnph^ 
of tJte region justify such filings* who^ving* ns thi^y do* the greiil ice- 
IioijikJ bibi>rcs^ with few sjuall kliuids^ tiic b'hnrp iiianiiLaiiious lieighL^ 
and the litu^ra] rtdgvs jiiul Ijlack diirs^ their fronts lioiNleil nlwny^ 
with heavy mists where piedmont glaciers hold the phree of shoixv^n 

Tlie wlioie region forint u system remarkobly syminetrieol with tlie 
soiiiliern Ande^s^ having t(ic fiaiiie suit ward ajjpeariince^ Nearly all the 
principal altitudes are toward the Pacilic. Tlie monnluin chain is 
bnskeii into a multitude of islands. According to the name given by 
tliQ geologist of the it is an Antarctic Andes, 

The scientific: classiljcation of llie speejnaetts of recks collected by 
the esplnrers gives an idea of the general structure of this group of 
latals. The base, appearing in several places along the west lit Loral 
(Graliaiu I/iind)t of primitive rockrij perlmps extending over wide 
□Teas buried benealli the covering of ice. The inajorily of the abrupt 
peaks iilnng the cwist^ froni Lonb Philippe Land to Ciralmm Land^ 
and the high nx'ks of the islands of Crerlaclw Strait and of the Palmer 
ArchiiJcIiigoH, n-hite back to aritdent volcanic dhiturbanccs* Tu ibis 
class arc the geological formations of Danco Land, l>etween WilJud- 
mina and Flanders Iwiys (granites, serpentijies^ and por^iUyries), and 
those of the Wienche and Waiidel islands {dioritc^. gril>hros).“ The 
high cODci) of Grrilmm T^and, such as the sitinmlt of Nfouiit Matin 
(2,000 meters?)^ those of the Antwerp Island^ where ]\[ciiint Fran- 
t^ais rises 2.i>fi0 ineters, and the peaks cjf PLsooe Islands nre, perhaps, 
recciutiy estinci volcanoes. Tl^e geologist of the f M. Gour- 

doR, found as positive evidence in tlvi 3 connection only n ledge of 
trachylic andesite meli'rs high on MTencke Islands hut he gathered 
speciniejii; of basalt from the debris of glacial inoraines or from 
transported roeks in such qiiaiititics and at such an altitude that 
lbe>’ cniild not have come from n \"(rry fai^-distnnt source.*^ 

However, the existence of ix^cent volmnic disturbances!, thniigb not 
active, on the sonthi^ast side of the Antarctic Andes is not to l>e 
doubted since U* N ordenirkj old's an d Aiiderss^ urs observaiions. Moiui t 
ITjuklingtan {2,4^ meters), on Ro-s Idimd, and the cone of Fhmkt 
Islands arc volcanoes of the sami? geologic pi^riod as the Andes. Ba¬ 
salts mid basaltic tufiis, cut by hard veinss cover in thick lavm the 
sctlimfciitary ^dl toward King fls-^ir Land." The craters may form 
two fa!rjes; ime on I^mi.^ Philippe Und and .Toinv iik Idand, and the 

«rv cterlneLe; etr., p. isi, Ia.^ an 

pile suit. PI^ Jl, I'tc.. ■M5 IGoatdou), 

* DocKir f'hiiPL'ot: Op. rfU p. 4ta 

« 0 . yonliJoakJ3liJJ Ad p«Je ontamlqDG, ji, 310 , etc. ibid; La Gtintpr^ 100* 
VoL II. p. SJW. 
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othiT on Ilo5s Isluntl, piiraLld lu tlie uf llio Soiilli SlicHniiJs, 

wliuiv Mount Brit I pi lull J4; iicLivt.^ 

lirf(uv ilw IT.'turn of tlio flxiJtsliliijn, the of wJi- 

inmiiiri" rtwJcs in Ainnrrtin \vris only i^iJsiieetftL*' T\i^ only 

for t^iiHjjicion vrus 11 fo^v t>ehist frupiienlfr iJetndiod by 
Arrtou^ki from xh^ of si hill in Williclunini Buy (iMiieti 
Uuui).^ TIr' iliscnvoru^ by U* Xm^lofn^kjolif un<l lii^i {.'oinjuinioni^ 
on lUi" soulhou^ir t>f Bsilmcir flisrtloHKl tliert; tln^ !?npt^rpa-irion 

0110 on iho otIi*?r rif soviTiil IkhIj?, fhi* liiglK>^t hi^in^r most 

likely of tho Tertiiiiy pcrioth At rEs^iKimnoe Buy* Andersii iu iirni 
Dui^o obUtinod speciniriii? f^f scbii^t, eii plin:r, ik^winriitli.'Nl witli a .Tnnissic 
fauini. On Ross und Seymour isIundsT under I hr vok-iinie 
and hifus ihri'e jm; viist biyrrs of X(jssil 4 >earitij;t sandstone, isintaining 
ill theii' lov^est portion aniinuniles^ iind Uiroiigliout the remains of 
nortln^rn Seqiiaius and Anmrurins, ('h laid.S;^ Filieesj tojJ^ellior 

’nilh resiinanls of ^ertelirato sinimuls dating from X\w middle or upper 
CretuctsHis, Finully. on Seymour and Snow [lill idands^ sujwrposed 
on the preceding iayei'^ and correspomling with them, have iipjiejired 
ikpnsits of soft ^Jindiitoncj over which the smoiv does not reniaitif ond 
winch contain bimeii of a variety of great swimming bird or penguin 
of the rertiary age,"" Thv Qiiatenuiry formal ions have not 
found outside of rha eousst momines. 

Thus we Inive a clear coni^eption of the net i.N>nclnsions which 
Xnnlenskjohl iind ArrtoWi^bi have foriiuilateiL The high chain of 
sharp peaks and the general ^^nuthwest to noithcast curvalnrt' which 
all Use iicighhtjring brlLinds haive U -similar to tliat of tliD Andes and 
perfect]y homologous with thein. According to M, T.acroLv^ who has 
Etndiwl ihc speiXmcii:-:. ilns chain of peaks sliouhl hif incliiilcd in the 
American yjt^lrogTaphic provitici** Af> in ihitagoniii. so in King O^ar 
Ijind. a plateau liere csveretl with ice extends fnuu tlik range to 
the ciidwaixh It might liave tiecn otiul tfiiit llii^^ liiiuls were s-lill 
joined in coin[>arativohv I'eti'nt linit^ had not the soundings taken by 
the lUJfjkffn lietwecn the h'ulklniidi^ and Son Hi ^Jeorgia, reveofeij 
'depths of bUtio falhoms toward lalitnde 53 ® S., which according to 
Dr, hV. Ap CfKik ilo not extend elsewhere. In the In.-fructions pre- 
pjircil for DtH^lor Cluircot s next voyage, M. Gaudry^ ihx*^ not, how¬ 
ever, hesitate lo stale I hat ” paloimtological hklory is iru'omprdiCQ- 
sthle if Patagonia., Austnilia, and even Miidaguscar JilV not pjirts of 
Iho Ants relic Lontineiit,^ The only liiffenmce of struct ore laHween 
the Sint a retie lands and the i^outlicrn part of Sonth Ainerim is due 
to the absenei', in the former, of the Quaternaiy beds on the oust a?? 

KSinmnrnwn: Amu iSp fJl'-ofO’., 1S>02, ;j, 
tierloeSie: 0\3. cir, \k 127, 

XordoBBkJtild: elt^ Vik 123, 130, 220. 
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rnpresfiUed in tlitr “pampMS^' uf iht^ lulter; but Ardow^ki r-xplnins 
this bv thp .^inkinjir of (Imlhiiin l* *uuL ^vhi^’b woukU in fnct, ivraumt 
fnr the diiwtiun ut tb^ cmn^X liru^ hi tinieSt ^ deeply pene- 

truted l>y the seti.^ 


miJkll L.'LNiBi mu^Jl av THE INDIAN IKJEaN. 


Soiilh of ihe Inditiu mid m fur as the TEL^.t]ninia]i rneriiiian 

the ebfirt^ of tlie Intter part of llie hn^t eentiiry i^how n series of iuruls 
parallel to the Polar t'irele and pnitiH-ti^^l by it (tiiek huiTier <d ic^i 
Cook, llelliti^iiuiisi'lu Piscoe, Diituaiit d'Crville, tiiul ei-fWK-iolly 
’n^ilkes (lS3fM0) have ilt^stTibeil this HtUmd wlilrh bars aix-ess 
to the Eiiitiiretie! ctmtinent, coiiceuK-df us U is, under its eontinentn] 
{^lneie^ luid uljni^t caustniitlv Jiiildeii by the as a leilpc^ Ifpw 
funueth rt^^Lilar, and blunt, and eonstsjiiKDlly of ancient origiiu 
Until further ohservalioiiu have Iwii made* it is best to be very 
cautious in detenuining ihe exiirl outline of Ihe kinds referred to. 
but their existence seems no lon^^r lo be doulited. Thai laud U 
tliere is cindencod l>y the ulij^iinjeiiLs of the ivQ hanks; by the ^adtial 
slialknilu" of the s^a as tlte barrier is [tjipi-oiicbetl, verifiiKl by the 
by the (riinm ^ expeditiorK uinl by the miu tilling of the 
/>rWcorrry ail IViIkes I+and; and fiiiEdly by luiid debrLs foiirul in the 
itrelwr^rsi and 11k» samples of nickii dra|^jLfe<I from the litiltom. Xo 
tlouht Vou I>rygalski found no tnici>s of Tennimitiou IjiiaL but the 


relocation of former marks in this region is very d i flic ill t, rldefly on 
nixonni of change in p^j^ition of the ire iainks. 

The [KisUion of AdoUe l^nd, raid led by Dumont dT"r\'ille and 
later by Wllke^i, under the vi«i^- T^okr ('ircle, longitude 1-U)'^ E. of 
Paris, giniLrally arkiiuwlcHlgtxi as lixed. The |K)Iar continent 
bus a I nee rvacluxL pht>togniphetL surveyed on one side, and Us 

roeka dassifical. During their wialering ii[ p;jO;i on the iw fielils 
aaiUieio^t of Kergudein the explorers were twice able to reudi, 

in latitude Gl' 20 S., a rot^ky siimmiL partly free fix>m ito Eiud 
marked with moraines of vitritaift ages. Mount naiiss, aci'nrding 
to Doctor Philtpiii, rLxing to injurly a:50 meters, is aitnalcd near 
the very iMirder of the contiutnkl ghider which fonus stixp 
banks alwve ibe fiehk of ibe emst. At n dblimE'e rhe pix^file of 
Mount (hiiiKs roseiubleHu Ikt eonc, ra-abiiig ix^Hiiin gmuitie -iim- 
niit^ of ireiitral France, (leolc^deul study mude oij the spot has 
shown timi It isemnpo^xl of rei^m vokamic roL^ks; on the sumtiiii are 


JimriK, lorjj, 

ra^. tR^lKc ue la-AX i>. o. l., W > ;] iV 

riK lET^L itrui. 

* Vmi Urytfulskl: 'Anm KtuiUneot di¥* elalg^u ii, 
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luvfts (Imidtic witli j^neissiuid jt^raiJiUdil^s^ k^ UnitLsfoniiPci by 

fiisioiK Ili^bris of a likt origin hn_^ b^au in tlie nei^bW>F- 

mg nioraines m alati in the contiiKiital ^rliicier and ice pack in the 
A very sipiiHuatit illiistniiion from \* *ori Diy-rul^ki-s account of t]te 
region shows one of tlie tonniiviil clUTs of i!ie inoiintaln, forineil of 
recent la vsi, finely perforated + its structure recalling the Volvic stone* 
During the second Journey u sandstone block was studied. From 
the siimitiit of tlie cone on which the iiscensicn was made, and rIso 
from the hall non t the surface of ti*c continentiil glacier lowiinl the 
.wnlh looked like a iiurmw t>hdc:iu with grcait regular creva^sins in 
the ice, und mountain profiles wei'n* tiotesl^ \it>{ m the far eai?t,* 
Von Drygiibiki does not hensitate to laeltevc that the south [lolar con- 
tinenti*' is there.* 

VH."l\>aiA ANU> XUliSJIllOltlNSp ISOVMW+. 

For a general review of luinhf south of New ZeiihuuJ, the descrip¬ 
tion given by J. Uoss (mO-d!) referring to the high insular vol¬ 
canoes of Mount Erebus (:1760 mctei-s) and Mount Terror fnriush 
considerable in form at inn. The dis^'o verier titude by the sSffuf.hcm 
f rofw and hy Captain ftcott s daring exploration liave liHixnl in truc- 
ing a chart of the lit tom I Nirdeivd 1w idands* stri^tching toward the 
pole as far ns pantllei in the vicinily €if mcritlian Ififl^ E. of Paris. 

The photographs brought luick hy Ikimhgreviiik of the coasts and 
the valleys ilist-overcil on '\’'ictfiria I mid (Cape Adiin^'j etc.) and nf 
Coiihnun and Erehiis ishmd-s nm>rding lo the chief nf the ex|>editiont 
indicated at once the nnigli character of tlie edge of this region* en- 
tirtdy volcanic on ils Hiirfjw'tr. Rut he I'^^tablishetl (he fact tlnit the 
eru|>t.ive forms am cuiik4hI by a sinking of schisti? whichi, according to 
hi.H descTiplion. would ex I end frotu Wilkes lull id tii Erebus T^^land* 
Samples of thci^ rtkrks, not ItML-^ited, were LXUlsi^le^er^:l as pructi(,^illy 
iileidicnl with the {jaler?7oic soils of Victoria StJite* fmm which de¬ 
veloped the theory, rather ttdvnnccd^ of an extension of the Aiistraliun 
Plateau to ’Wilki,^ Lsind and of a connection betw^een the vulcanic 
range of Victoria T^ind and ?few Zenlanck 

'I'lie expedition in the <^tahlidled the eontoiir of the 

littoral of Victoria Lcind and of ilse neighboring islunds^ and studied 
all the tracts discovered, tlio shore el ills, glatuiil valleys^ fjords and 
nmraitic^ and muiiutaiu suznuiits. The expedition di^Ullo^i■d the ex- 
i«letice of a rliai n of niast v^^lelllllx^s■ slnknl nut from Ca|>e Ada re, by 
Mount Hahine, Mount MellH>iiriie meters). Mount Disenvery 

(a,0li0 meters)^ and Mount Markham (bt. S2° TkV S.). The iiuiucrons 
escidleiit pbotogmiihsoeenm]janyii3gCii|itii][L Scott's deairriptiori sho-w 

« Vun I^rrcnlBtS: Op. dt.. piJ. 271, 271, 302, 

* Iblil.: IV ii. i:tu. 
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dourly tho more or Itia disiiiniitled oonical form of tlie-so 
lliit the iiiost interesting; <,f ,JJ of the /Jf^rootfryV findings is the 
liandstone with Miocene fas^ilK, proved to exist in seveml of the glacinl 
valleys of \ ictoriu Land. Thdr strata, lilled with l>asaltSt nrostrictly 
horizontal and thick, no doiiht in some places several htsndrcd meters,* 
This okserviition would estnULdt the period of tiie gi-eater volciinic 
cnnridsiotLS in (he region, an also the sinking of Krebns Sen; both 
serm to la.‘ roiiternptinineons with the rising of the West Antarctica 
siiiuiiiits, and the chart also shows that tioth ranges ueeni to slretch 
one beyond the other across the icy solitude of the pole. 

Without attempting to force n conclusion, one of the [wssible 
hypotheses coiu^rjiing the contoiu- of polar lands between Pierro t 
island and Edward VII Tjitid would be that of a great ciX'ScenL cor- 
res|>ondii]g to thot purtlun of llie pohir ice where no vessel has "Vet 
npprouched save lliat of lh>iringshaiLS4m in 1S21. 

Paict IL SciEN'rii'n: Uksplts uc tiik ExrrDiTiosa, 

TtlF. ACSTILVL ,StL\. ' 

Xlie complete scientific results of I.he I'ovage of llie Pist^ansry not 
having yet In^'n published, it is concerning that jmrt of the aouthem 
sea tieiir West Amarctide Ihnt we have the hib?j 4 l information, luid 
iiUhoiigli llie observers may have turned their altontion in oilier di- 
ri^^tions, yet there an^ certain Im}Kirlanl concbisions tliat indicate a 
c.'oui'se for future psiiedhiim-'i. 

At the close of lilt' Ijist i^eiitnry the rharts showed the depths of 
the South Padfie towarti latitude CO" S. and longituda TO" W. of 
Paris, to the soiitlivvcst of Cn|Ki [lorn. 'J’ho clun t-s iiKncati>d also a 
aiibmergc't pliilcati nearly 2,00(1 nu-tere deep, on which rest tiie small 
ardiijwlugoes iH^ween Antnrctkn and the Falkland Islands. TUr 
M ititiiiings of tile /Jc/gtm and those of tiic A'cot/a in the South At¬ 
lantic nod in Weddell Sea have estnhlished this fact. M. do Gcr- 
hiclic imii proved that in Drake Strait, latwecn the !-'uIklnnds and 
South Georgia there ia a deptli of metcru in latitude 5C" nr S," 
Ilnico's repeated observations (75 yotindings) have cstiihnshcd on this 
side the southern limit of the South Atlantic thrtshold, upon which 
tiMt the Falkland Islands, in alouit Intiluiie S. With a depth of 
fmm 3.000 to 4,000 meters, it dmps into a snbmarine vallnv in lati¬ 
tude 00" S. more Ihnn f..00() nielers di«>p, extending from wc4t to easd 
from the Sandwich Group toward Kcrgiieien. 'I'he nniximum fioniid- 
iijg taken m \Ieddell .Sea gt latitud e 70" 21' S. was 1,0.50 meter-i.* 

* Wwjtt; The of tln^ Dikm^erp, Vol, IL jj. Ji}*> t(c^ ' ~ " 

I'. 14«>. 

^JU V- JOL 

tconraro fHo wtardliiea inudc y tlie acBtliw«rt of KcrgueleD na toe 

ohtii was uiitcrlnE tbe Ice (!»t. IE" S.), ebcwln^ n ,li.iito (,f nietera. 
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Tins depression %voiilii roine nesir the Keriip mid Enderby Tjtnils: 
brit, near the front of the glatier* a ri.ie of the lK>ltiitii pmvos the es- 
istonee of a continental pluteiiu. To the sonthwcpt of Cirahaiii Ijiodj 
lit the eilge of the eouht pliiteau, whrri* the Itrff/tm drifted, on llie 
contrary, the depths opp^uir to be less. In Intitiide Tl® S. alon^r 
Alexander I l^roh the depth is ntKiiti ^,706 meters." To mnltiply 
the sDundin^ during the coming expeditions all aloog Antarctica 
would add to our prest^nf vague knowledge iu reganl to the rchi- 
tion^hip in structure bc^tween this land and the Andcis^. 

A further study of die sea currents with Kpi^cial iNi^feiience to tlielr 
movements and their fauna is desired^ for up to the present time 
Ihei-o have been onl_v geneim] oljser vat ions or local dEda of tomponiry 
valui^ The s^urfiuro temperature stands at about sjcro nearly the 
whole year, Tlint of the ImHnm h remarkably low aiul iiirrea^K^iS a^ 
the ice is appmiifhed. From —tJjr in the Athiiiticr-Indiau Valley 
of the Sc^tut, it reached a uiinimum of —O.d^ in OerlacUe Strait nt 
a depth of 3 J»DP ineteni; nod I he Xordenskjold ex|>editiou at a depth 
of lj4S0 inetei^ m BrEinidield Strait found a teliipei^ture of — 
the lowest then recoriieil.^ Hince llien the Jiouiht^ni Ct'-wts publim- 
tioiit* reccu'd —2 h3° ii-s the mean teiiij>erature of the soa water under 
the Itos&i Barrier. Tliese very cold bodies of water sire jieculiar to 
very great ileptiis. The olrsi^rvera on the found Ijetwc'Cn llio 

cold strata nt the Kiirfaceand at the l>[>ttoii] tlie prc-senceof a stratum 
of wjiLer of nearly +]°| salter than the surface sind Ilia’s dense than 
the bottom^ due pr^ihaidy to cairmiU from the dLstaut Temperate 
Zone. Drake Strati, wiiei'e A'tWitenslvjdld oljserved not less than 
H-l.O'" at i^400 meters, iind the Soulli Atlantic^ where the ^cotki met 
temperatures of from to +U,S"; would mark tui the wiM 

coiist of Aiiturctiea the Jiortlierri Imiit of the iKihif Ijottorii waters. 
jV.s for the salty condition, the cx[H!!ditio]L found it to Hlightty 

diminish toward the HOuilu due lo the mplting ice. Annual varia¬ 
tions are Eslight. the luaxituum lieing during the winter, as would lie 
cxpccte<l. 

MM. Aredowski of the and ^rnthn of the Fmnt;ai» made 

repeated observalionH regarding the density of the sea whaler, wddeh 
are beyoml the scope of this paper. iMatha alsci stsidieii the Ltdea. 
From a maximum lieight of 2 meicrs, they have shown at Port C’har- 
CGt a daily flood tide to l>e compui-ed to that of lodo-China (only 
one llooil tide each tweiiiy-foiir liours, or two irregular ones). 

ANTARCTJE- iXlMAm 

Climatic conditions in the Antarctic regions haive ref^eivcij the 
s|>eeial attention of explonws. (JUservations have been numerous^ 


** LN? Oerhiche: <ui, Hu n 

*'(>. NenlenMhJprd^ f HU o- 191- 
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nil cl havi» Iwen !snilicii*itUy prcilaii^iMl mul ufi!tirLsl4! i^m^ugh to eBlnbU^Ii 
t|je prusoiit gviu='i*3il clifLniL'terisitici of ilit :^>uLh polar clintiUe. These 
resuU^t have alrL-Jidj furnished inlereritliig compnrisuns with what 
we know of the boreal region. We would espeeiallY seek now an 
explan fit ion of the glacial phenomena so peculiar to the Antarctic 
and information concerning the organic life* which is altogether pre¬ 
carious or i^markahjj spe<ualiz4^L 

Previous to 18^8 tho most soutljerly nietoorologicul atations ifi 
the world, those at fTshtlaja and on the Stateji Isles (Int. 2^^ S.), 
Ijad furuLslied reports only concerning the C'ape llnin region. The 
obaervationa made by the latest Antarctic cxpinlitinm* the iiiost ex¬ 
tended iwing the series of a yeai't by the A ttf{ita lic at *Scmih ticnrgiiiT 
have greatly increased this data. Keen with respect to the icc'COV- 
ered region our knowledge has l>een limited] to isDhiitc{] arlatcnients, 
which it was diflicnlt to consider collectively with advantage. It 
may he said, liowever, that studies made by the last expeditions have 
enriched the geogniphy of the region with u complete new' chapter." 

Baroinclric olifrerviitioiL^s hiivc, first of alt, demolished the hy- 
pfithesis according to whidi, besides a zone of dislnrlamces varying 
from latitiiile 60® to IdtiUnh- 70“ S., the prevailing rule in the .\nt- 
art'tic would l>t‘ turbulent winch from the verging toward a 

permanent anbtral cyclone. The existence of tlies® wdnds, duo to 
the extension of the great currents of terrestrial rotation from west 
to cast* south of the temperate aiistrol zone, had been generally 
flcknowletlged. but tins sijp|josition can not be reeoncileil with that 
of an austral icy pole* The observations have* on the conlrnry, 
shown that the pressure, although very loW" us an average, does not 
I'ogidiirly diminish toward tlio syidlu and differs little from the 
uverag^! of 74G niim at Cape Horn. 

The rcdiurliuns made iit Snow ITill (lab (iP S.) at 0'' uiid at sea 
level give a rl^snU of 740 miti. At Port Charcot (hih lla"" 01^ S.) the 
t'on'fejjuiuliiig value wajs 744.S7 mm., ahuf^-t exactly the some us iliat 
obLaints.] by the during her drift. (74-h7>* The inetc'orologLst 

of the Frinn^aitt^ SI. Pey, only once* in April, oh?^rvLHl a uiiiximum 
^iinewluit greater, al 7fi0 miu.^ Tlic instruments tm the {himit re¬ 
corded, below the polar cirelcj a mean of 740 mm. Ftnnlly, the reatl- 
ings made al Cape AdarcT I he southernmost of ihc nbservntionsr 
taken, show timi. In West AntarcLiai* however, Hie iniid- 

It wotikl be aewqanry tu n?flU the de^rrljaieiiLH of thct voyni:^^ m i»E an 
cjf tap liunclty RnU cPHniKC in itiesu ii4t«^v4itlmi3^ At Port Clairtot 

ibe riiiElloKS uf this limO-inaentiH laitiiiuiLny Unrlaa I he lUKht 

nml tlimnish all kimls of im-atluT. l^nrluif iho ,lrU£ thv ^Uingit ware 

made Bcvernt times dnriua ll^fi uw. the fCHPibridge, etc. 

^ Eioclar Chnivat: Oik cIl, ju ISGl. 
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niiiiii tneun virus b'ulDcivntly lilgli pt t1ii$ titid of s^iimmori thnt 18 , on tliG 
Fitia^nn, ill Ftbniury aiiJ Mnreh, T;34.S mm., iiini on the ftdffiea in 
I'VbrMPTTi', Wii.r mill, lint tlie vnriutiutus hnve evcrywln'ro n wide 
morti tliini 4S nim. ou th« Fma^aia nnd iW mm. on tho Beff/icii. 
Tin* most imiMirtont fact in this connection seems to be tlie pcecnienco 
of fm][icntan<l vci-y violent storms, with snow hlizaards in ill seasons, 
and they coincide with the sikUIch fall of the buroiiicter when (ho 
wind blows from the north, principally in winter. liorchproviiik cn- 
conntered ninety-two days of storiny wciitlior ju>or ^'ictoria Land; 
ut ^tnow Hill the buronicfer rworded TOS mtii. diirinj; the jjalo of June 
ii, U(02;* «t Port- Charcot SI, Key reported 7ih2 min, in February and 
71S and T17 in June and August. 

Diirititf iJicse storms,the w’ind blowing fimn the northward {north¬ 
west or northeast) brings some degree of wamith; but generally 
tlio cold polar breezes jinj most uriifomi tiu-oughout the Antarctic, 
Von Diy'galski and Rorchgrevitik admit the existence of a contimicil 
aoslntl anticyclone, which would remain sternly near Cape Adare, 
but along the Antarctic Continent it would !«' to the eitslvvard dur¬ 
ing the winter, and westward in summer.^ IVe have thus to fti«j con- 
ditiom> different from tliose in the arctic rcgiotLs, influenced by the 
two t^olrl poles near the polar circle in iiorthea.'rtem Siberia and on 
the Xoilh American Archipelago. In .Vnliirctica the area of the 
anticycluiiic soiilli winds really expands during winter, reducing 
iLs radius in the summer, due to variation in uniformity of the 
tempemture. Tin* regions where the latest cx[K‘dilioit3 Hojonrned, 
bctw'iK>n latitude 01“ and latitude 7*2° S., atv. in the Eoncs where tlic 
struggle is constant b'tween the south bre<‘.?.(si iind tliose from tlio 
north. At Port Ginr«>t, for instance, over 73 per cent of the ob¬ 
servations refer to coiicum-nt southwest and northeiiiit. winds, or 
lip proximate thereto, ,\t Cape Horn, on the eontraiy, winds due to 
terrestrial rotation are dominant Ijctween southwest and northwest. 
On this side, however, thero is a narrow licit of relativ'c calm, serving 
as n passage fnim the temperate to the polar stftne, where the fogs are 
much less frequent and Uie swell not so heavy. Over tlie known 
liorders of Ante ret icn the winds from the pole (southwest or south¬ 
east) blow while the weather is clear and the barometer rises. Fre¬ 
quently they ore strong (more than 15 meters n second) iiiid nlways 
verj' cold. In exceptional casivs they cause local phetinmena, foehn. 
even in midwinter. ,\.l Snow Hill, for instance. J7oi'dcn.skj«ld veri¬ 
fied a sudden rise of tlie temperature ns high os 0,3". At the end 
of the summer, toward Fort Charcot, they are more regular fit>jn 
April to .filly (53 per cent of the .Fuly observations). On the con¬ 
trary, northerly wind,s nre. always of a character strictly oceanic. 

«0. Xintlenskjuli]; <■l^^ elt, m l-jS. 

^ZliuiiierDUiu: A tin. tie CCuKr . lUdCt, p. 3SC, 
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They firo foggi' Jinj htnraiy. caii.^tng bliK^ardlR Xo mutter wlml th(‘ 
tlH\y n rm of tejnprrnturr ofti^ii p^ix^ding 20"". Tht'y 

liocoiiio mon? frequent in Septeoiber^ thawliilH: linii% xmd the neasini 
for thp retum anrl nesting of migratory birds. In certain hititmles 
these ’winds vxvp eonstunt almost jill the sutiinier- They make the ap¬ 
proach to the pack krp crerywhcnt very ilaiigcroij&, and often imperil 
jotinieys civer the ice bank ajutl the cniLsI ghiciers. 

Aft n-gnnlft te!n[>enitiim, the givat imiount of glacial phtmoniEUiiL 
in tho AiitarLiie Jl u regiuti where there is really no su fill tier. 

OI>j^ervatiDn:^ taken at places generally tiiietivered ulinigj-:hait! and in 
the neigblatrbnnd of the Pokr Circle have sliown during ibe milder 
jnenlliH figures much lower tlinn might lie expected^ imd com parable 
with tho^^ made by Nantien during the drift of the Fr^m with the 
arctic ice, l>cyond Imtituile BQ"' 'S, The higher mean recorded, from 
Noveniljer lo Xiiirch, k the one at Port C%arcot (kt* S-jt and 

this was less than 0^ i that is* —At ihh station alone January 
gave a iiieain al>ove the fraezing point, namely, -|-0.48^. For the 
Ei'fffiea, that drifted westward of Ales snider T Laml as fur ns lati¬ 
tude 70.71"' S>; for the that winteretl below^ the Ptdar Circle; 

and for the Eoutlterii the ob^^rvatioas of wbieh wei-o taken ut 

Cajjo Adam in latitude TLIS^ H., the mmn siiininer temperaturo 
RiTigml frani —1.0- to —FS'" ; therefore all were lower than the meaiv 
of — oWrved by the Fwn, up to latitude 82^^ N. The l>tH‘imiber 
mean drop|ic<l to —2,2^ for the Erh/fra* For the entire summer tho 
oh^rverH of the iict^orded as low' as —Fiimlly tho 

extreme maximum everyw here has scarcely gone aliovo (V : the higher 
rerords arc iliDhp of +0", taken by the Franc^i^ ^ April 23) , and that 
of , taken by tlie {Janusiry 2)» The uverngp of the 

maxima of E>>r" at Cnpe Adare {for i^'ehrnary) corit^sponds to ones 
month when the foehn hlow\s wore frvijueul. 

Tho mean of the colder months from May to September was px- 
ce^ 3 iionully low. h^ur July the higimst sivenige for We^t Autarctide 
wtis that of the Edfjiea^ —the lowest average was —PK2' at 
Port Charcfst and —20“ uL Snow Hill, Tlie fioted — lltl"* 

for the entm* winter and —2Lft'' hj August, July results are Htill 
lower for the Smfthrrn (—24.:4''), and for tlie Dhrovert/ 

Tha nbi^olute minima of -35^ and below have lieen 
frequent everywhei\\ No doubt it is lo thi$ peraislent very low 
teiiiperatiire tind to the fjioliir darkness an<l the Mlim:ist i^mstjinL fog 
that- wo musti impiite tho hciivoc! etiuseil hy j 3 olar nna^niia in all 
expeditions. 

Ik-sides, the teniporature evejy'where is rnueh inoro try tug becauf^e 
of the uiiiny hiiddon changes in a single month, no iimtter where the 

■Tin- tuMin for July *8 at GeULlmnli im tlae wi‘^*t nt llroi-Jiliiihi 

(IM* X-b 
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regi(^ii. At Snow Hill, for ingtancc^ the tetn^M^rature on July IT 
rose from —25).S° to +4J“. At Tort Cliurcot at tlio beginning of 
June Ihere wus a KOiidiui tLso froni —21® to +3.5^. IVlieii tlns« 
sudden disingp^i occurred, wbidi have had their equal in the sumnietf 
ihe explortof^ endured mcMt painful hours; the uncsrpecteJ Lliaw^, 
goTiei*ally eoiiiciding with the stonns uiiJ leiTible siiosi- hlkasurds^ 
would dampen e\wylhing on shiidHmrd; the tents and sleeping hugs 
would heetuiie usidesii by the eseessivo htiniJ(]ity% and the men slept 
litendlj in h-e water, 

M. liey not^nl Quit another important chameter of the antnrcitc 
ciiztnite is the high degree of saturation of the air into water 
va^wr, nllhotigh tJie tension might be weak. The mean noted on the 
hygrometer at Port ChaiTot was 8ii.3 per cent^ 4 jxw cent higher than 
at Cape Horn; in July it went np te ^'2.4 per cent. UrdinariJy pre¬ 
cipitation uccnra ill the fonn of hunl siiow^j wliieh fulLs in small dmrp 
erystaisT even in stiminer time. The lieb/ka exijgriencifd two Imiidred 
and sixty days of snuwfaJh On the Aiduniw snow wua reconled on 
Jjininiry 0* in full s<ilstice, and an the Frmfrjfti^ there was snow on 
February 2, from the nnmiont of their entrance into the [>olar region. 
Pouring rains are except^iial; they fall during the northem stomus, 
At the change of season, sometimes with lightning und thnnder.* 
The total ileplh of rainfall is slight. At Port Chaixsit it was only 
376 miin,. as compared with l^^tK) mm. nt liorrn The inuximum 
WAS tnmi Xovenil>er to Marcii Md mnn in franuun’ u.s coiiipared with 
10 mm. in July)* 

The ox[>editions about to start will undoubtedly endeavor to deter- 
mine pit^id^ residt-s and to extend meteorological studies mure than 
has so far la=fen jiosaible. A wdde M-upe of ol>servatioii is ©[wned in 
mutters relating to the polar currents, the intensity of grftvit}^ atmos¬ 
pheric electricity, anti terrestrial niagnetisnip Dorchgrevink was able 
only by calculation to locate in a very general way the magnetic 
jMde ut latitutle 7:P 20' S. imd longitude I bl® E. of Circenwidn He 
at Least did not depend n|>on certain piiblLshcd hypotheses, ime of 
which leads to the conclusion thriL the variatioii of the electric lie Id in 
the AnUirctic, as elsewhere, b In rrlution to the position of the earlli 
on the tHrliptic, and not in ixdatioii to seafioiLS, It is gniater w'hen the 
earth is iti the perihelion (winter in the northern hemispbere), hence 
we are led to t^^gard tJie stm more and rnure as the source of electricity 
and of all forces, 

SOUTiltRN OLAClAtlON, 

The constant low temperature in the Antarelic, mw'i^r rising above 
zero, gives W'icle variety to tee furinritiui]. On the broad seas, always 


■* t>octor Ctiareet: Oit, ell^ 215. O. XorftenftkJulU: Oph eit-. 1-43^ 318. 
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roii^h* that iTicli^sc the [>oiur region, ilie floaLing kre Etilvaiiees on the 
Eivehige na ftir ns Inlitudc rdi® iC, {laliliide uf Konigssberi:) find to 
lutitLide R towEird Ah'iea, All the expeditions {mm the time 
they eiiconiiior the Jirst until they miH^t the inland mnUnenlsd 

glader hiiVf.* tniverscd iurtiiy srrie-s of ii'e foinifilions^ the ^tudy nf 
which is higlily interesting, riol only iRmtnso it hm iTvenh^l rare and 
IHx-uliur phi'iiomenii unknown: in nrcticr Tegions, but also becatisc it 
helps to explain what happened:! iiorlii <if our continent during the 
(Jttatei’imry agis M- Cln UaT>i>t* in his excellent study in Iji {Sfog- 
i-aphie eniphahizcfl the exceptional importance of observa¬ 

tions on this subject. The ols^^ervitiionti by the S^ofia^ the 
anil esjjecially by Doctor Philippi of the Oau^fji^ uiitl the tine jilioto- 
gi‘aplLS itceoinpaiiying the lieouuid by ^"on i>r 3 'gi‘ilski dfe^eiwo to Imj 
dosely e\amiin?tL“ 

All olifserveivi iigi-iss that there i-s a general relnfiit of rho glaciers in 
the Ant a retie, ti n^nlt in accord with olusexvations iti the Arrtio 
regions and in glticierH of id! latilnd^.^ In West Anturctide the exixj- 
ditioii of tlie ahiji Anfarctk^ foniid traecsof a larger extension of tlio 
icts over the hanks of Orlcons Strait, over rEapernnee Eay, nnd to 
the east of (Traharn Lnufl, where the lowering of the ice cap nicitsures 
:joO meters at the ^ nuuatak ^ HorchgroviiikA At the sum mi t of 
Mount Gauss large bhicks uf gneiss indicated to Von Orvgnli^ki that 
the ice had once covered die entire inouiitain. Judging by the uppar- 
ent recent fonnatnui of the tiioraim^ extending lo the fixii of the 
monnutin. he thinkj^ that it is f^till in the glacial On die eoiist 

of Vicloria I^nd Porchgrevink found that the gnrat ice harrier has 
retreated 5tf kilumelcrw siiwu J. Eo^s and Scott figured it, Scott was 
iinpres^al by the fact that the melting rule exec^ed that of forma¬ 
tion. Ills photngra[>hs also show the loml impH'tantx^ of the isiiinnicr 
s^treanLs, when the eiiormons iinisse:^ of smiw tlnit tho storm}* winds 
have I^is.'ahI alKuit over the amooth surface of the iidnnd ice are swept 
towaril Ihe hai^e of the sIojh^h without gidn to the glaciers^ 'I'lie few 
clear phiccs that die expetliiinn viidUxl all xhow recent moraines. The 
glttciid terraces of Mount Terror, reaching to a height of 240 meters, 
suggt^t the impi*eii,siuri thiit the great barrier at no distant time 
ix^ached to that height, and its debris held by die diuals could In; seen 

very imiibwniuH Iina wcl^fenianf^blo, neit only 

tibow tUe ^arloun aiaicrol dsjw'ri* of llie k-ti; they am »n “ anatiimlc Htwdy of 
alto^sether new Icj fornuitJoEat Kee, fi,r lej^tnaecf, tSje ulutes wbere are lyjaro. 
dat't.Hl the dlffemit tlndM .tf ^luwfjin immv whi'eiH, rt.niag ilrlflf?, nail dejnea 
forTTU'd tij me wlHElM, etc,s. and iwiteclallj ibupn. tlmt Flmw Ebi* Interior atimctur^^ 
Df me fresh-wiiLor Ice ^steiatea. rUibiaieil. etc- ik 4ill). 

® 0+ Xisnb'OMkjeia; (Ju# elti, p. liTtS, 

<^ji^iiiu Koutineut di3 elalyen SCd-iam, i\ 
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as far os latitudo Ti*" S. Tht; formation of ico Trould actually bo 
gitatcr at tlie Halleny Inlands, where the cold is not so intense, but 
Ijiticipilationii arc consideriil>ly givator.^ briefly stiilctb new conti¬ 
nent is right iw^forc tnir from undor tho gliicial ice- 

The glacier i^lill liidt's thr fjyjiihi] fiionuiieSt partly covered by the 
hCH, and wliidi IXiclor Charcot stijdhd nt ^V'aiuicl Lsluiuh^ If the 
remUjig of tlio ice ditaihl contintic it muy disclose tlio secrets of life 
ill tluisr n^gioiiii dnrtJig the Tertiary age. 

Floating ice ia the tir^t forinatioiL tiiel by the v^ftsscls coming from 
the north. Jhla lA chiefly tlebris, carried b}' the winds and cur¬ 
rents fur fi^oin their original source, ttocs of difFerent sizcs^ or frag¬ 
ments from tlie ice bank. This drift ice sometimes almos:t completely 
covers the sea: it is agitated by tlie ocean swell, and swiftly floats 
in corjj|>kirt tililacs toward ci^iifined spacesL, siidi as the straits cif 
Wt^t Aiitan-tide.* In the open as far ]utitu<le 55'^ N. largiu 
iceliergs <lrift: *^oine of llieni^ broken from tlie land ice. hnviiig a. 
[Hiicnliar tabniiir shape- liavo attracted die attention of travelers- 
liut wlio can descrilx.^ these icebergsi when upturned^ their hases 
dentcil by fns^ton, out into pyramids, into sharp [>eaks, and hollowed 
with caves or tiinncLs^ where shines it strange blue UgliL It must 
Ijte sttitcib liow'cvert that great flcjatiiig icelx^rj^ aiij: not nunieirtus- 
Tlic West ^Vntarctide gliiciei's yield only fraginctiLs. Doctor Cl in rent 
saiv no liinncliing of large iccliergH, and he does not lielievc that the 
grent masses of i<!e. pieasuritig oOO meters in height, can come from 
the region explored by tlie Toward Victoria Land only 

two glarjei^ emissary from the Liire cap. seen by Scott, gave fortli 
icekwgs. 7'he Kfjss biirrier would Iw the only known sotirca of 
great icclicrgis, a region where there is activity to lie com pared to 
the gTHit gladers of iTreenlnnd. At Jlonnt tiauss. Von Drygnlski 
noted that the niovcmeiU of tlie iiilujid ice is very _dow and the break¬ 
ing ntiL froquent. Ileix^^ moreover^ ns everywdierej the great blocks 
from the neighlairing hmii rcjst long nmid the coast kc atid the ice 
bank before starting on their drift. 

The ice bank visible from afar by ittt peculiar glimmer, called ice¬ 
blink,*^ incloses the polar laiuLi in an almost continuoos line, tutjdl_v 
ditferent from whiit takes place in the aixjtic seas. Seldom even in 
sniinmer is any pa it of the shore fouiitl bathed b\' free watej'. 
Between latitude and latitude 00^ S., south of tho Atlantic aiul 
Indian orcOTiif, lies the long wall that forms the edge of the sea of 
ice, whencs* tlic drift ice U detacheti. I'hb is the icekaxitj’’ gen¬ 
erally ifrveral meters hig)i> It affortln [iece», alwrnys dillieaill, to a 

* Scott: Tlie Voyagit? of tLe litjire Vo], 1, ii[il 2iai^ BS3; lieogT. Juurxi.^ 

iDos. % a&a, 

^Ductoe CMrcot: Opu ciU F- 74. 

« Scott: Op. dt., VoL I, p, IK. Doctor Clmfcet: Op. Cit-, p. 40. 
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phitform of ic<* * streLchitig' out S to 4 kiluinctfr^ in width, giitirdcd 
by Iiutnnmvks, with irttgrihir i^revnsses, overturbed duriiiji storms hy 
frightful pressures, like Unit which swAlIowed the /i/firci/V. In 
the regions where the i^cotia drifUui (\Veddell Seul, and also south¬ 
west of Alexander t Laiiit. where the lielgicti drifti'd many months, 
the ice bank is an iiiimeiisc jiLuiu 'vvitli a tiiousaiid rugged huininocks 
us far as the eye <;an setv During wdtiter und generally from May 
oil the sen liegiiis to tlooil iK'j'otitl the Ishrilers of the ice uJid to rise 
on the shon^ tlial it watets, ivhelher exposed or ico coveml. Ji. 
Gourdoiu of the Cluirrot expeditiipn, oliserved the fornmtion of this 
tetiipnmry ku hunk, consisting ehieiJy of thin, sharp, angled 
blades, called ‘'pancake ice,” and of an uiieveti crackling crust of 
yoniig ice. He Iwlieves that its thickness k due, wot to fi'eeaing 
underneath, but rather to snowfall on the surfuee.* 'I'lic [ivonient 
tluvt the teni[>ernture shown a sudden unci prolonged rise, ocetirring 
even hi wiiiicr, the iw bank partly mdlJi and fonus what is known 
as the " rotten puck,” lu which layers of soft and of sidid ice lie oms 
upon the other, .Voitlicr Audersson, of the .tHfmrfw, on his trip 
ftoiij rEsjierancc Day n> meet O, Xordcnsk]‘dld at Snow Hill, nor M. 
Charcot, on one of hjs Journeys to tlie wort of Graham I,jind, were 
able to tr!iverse tliis “ rotten ()fu*k.” 

The const ice has a fornuition intermediate Iwtween that of the ice 
bank and of tin* frcali-w'uter glaciers. This ice sonietiinas stretches in 
•‘xteiuiivt? sheets t^ehind iJie pack to which it is ludJ by nii iriugiilnr 
edge; but nearly ahviiys it eliiigs with very Jaggwl outlinu to the high 
and rocky wulled coast or crowds against (iio foot of the glaciei's 
along the shore. In the midst of a body of scji ice, iiicrep^mtlv thick¬ 
ened by the fulling snow, ane incused stnmdisi or capslised iwliergs 
stiuiding in bold fiininstic relief. alsKifibriSfthe whole cut bv extensive 
rrevftsaes. 'I’lie gray-green tint of the sea ice farthesl out, heightened 
by ibo layers of snow, as well a-s the loins of ilecjier hue, are eniiBcd 
by diatoms. Pledge journeys along this const are iTrv trying 
inul esci-cdingly dangerou.-s. -Soialeiiskjbld on Koss Island am! on 
iCing fbicar Laiol. Charcot in F!aiider3 Ihiy, aiwl Scott nlong \^ictoria 
L„iiid,0lftierv-ed and described this formalion.* Off Mount tinuss it in 
partkiilarly remarkable Iweunse of its extent (35 km.); far oiu it 
hecoiues confused with the ice bank, while toward the diore it \& 
m^pniwtcd from the coiitinoiitnl glacier by a lofty slop** of *>ven doisent 
dow n which the icebergs slowly slide and whicb sei-ms to mark the 
sliore line; above ait in wlUary giundciir towera the mils? of fresh 
blue icc.*^ 


oilocmr Cliareol: dt, op. Mil. t.V,. Nn.nji^nskJiJlrt: flp, clL. t* ‘^ 1 . 

«Doenir Chaivet: Oji, dU. K O. Ntin](fnafc}ni,i: tip. ett,, p. v±i, 

• Von UrygniBhl: Of*, dt- p, aW'. A chart areotnifldjbe mia nwoiiiii (p. 

Indicates the Coarw* of tlie Ire froui the t^ak pact to Uie Inland Ire. Ice Adda 
w JcelKrew a couslDmenle of fredi-woter Ice hlocka, and the odse ot the Ice cap. 
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Along the ^shores of the antftretie knds^ somc^times npiirt from ilii^ 
fro^!:l^ lilrie ire, bucking up nguiiiFt the high cliffs nnil covering in part 
the lying beaches, the eo* *st glaciers otTasionally hrenk and 
plunge into the sen* Often joine<! at the foot they form n contimtoiis 
ice wnll severnl meters high, extending along the coast for lO kilo- 
meters or more* 8niue of these glftcierS;, of an Alpine type^ loi'e their 
^va}' down a gorge from the heights or the inland ice* These Alpine 
glaciers are principally fix3m Victoria Lnruh But lufually the glaciers 
are mtlier nf the I’iedinont typo, criinmoii in Alaska and other polar 
regions of Xorth Ameriai* Both the Fran^ah and tiic /5i>co??cry ex- 
pedilions had opportiijiitiesr to stndy thcitj in detail T^ie glacieni <»f 
\Vest Antarctide near (rerloclie Strait^ etc., are coveieJ by a line or 
'"powdered'" snow^ as SI* Goiirdon calls it, and amply frosted by the 
frozen sea spray, Tfiey form in the various slmpe®^ of a horseshoe^ or 
a trencli, or a small enibunkmcnt ant] break their front ^^Ige into large 
blocks or prisms which become siunll iceliergs." Xt^ar SSonnl T^ncroix 
one nf these glaciers, backed up agaiiLSt iwo coast ridguvr^ uiid titip- 
pfjHed by fus invisible foimdiitioiu set^ms ailoiitcai llie wiiter^Iike Boss’s 
grpjit imrrier- Yon Dry gal ski olisorTcd glaciers of this sort nt Heard 
Island (Baiidissin (ilacier). But it is mostly aloikg the extensive 
shore line of Victoria J^ukIu distance of more tlmw 1,000 kihimeters, 
that they are immqrons intd varied. They sometimes iip|>ear resting 
on the solid Iseacii, sometimes grounded on the shoals, and sometimes 
with their front edge afloat.^ Icehorgs form from them all. Since 
the soufw> upon which they draw are nieagcr. they may he deemed 
evidciico of ft former extensive glaciation* In some cases fonnidnbJe 
evident:e, for IMr. Scott mi^surcii some as long as 90 kilometecH^ such 
as the Ferrar fJlacier. 

Tlois^H Great Barrier^ studied by Borchgrevink and Scott* Hwms to 
lx> a more imposing example of this phenomenon. It is really an 
inimenBC coast glacier of fresh-water ico that recedes id>out 15 centi¬ 
meters a day in spite of powerful pcessnre fmm behind. Its front 
jairt is atloat. The massive ice wall 10 to SO tneters high, which 
furrtLs its front edge^ of w'hich the splendid photogropiis taken by the 
expedition portray its different asjwctk, is but a frontal 
glacier, and not, as iL Beniacchi, of the S&iithi^rn CVo^s, liclieved, the 
flank of a gigantic ice ^^lidc resting on the mainland. Tn fact. Captain 
8cqtt ninde a study, at Cape Crozier, of the junction of the bar Her 
to the continent.^ hrorcover, it can 1 x 5 seen here how slight It'' the 
glacier is fed from above, iXiitpared with what has ticcn observed on 
(ireeiiland. 


“D«jetor Cliarwtt Oik dL, pp. ^5% 4t^ 

* ^^oe il. Cli. irtudy^ cJlist above, 

^ : OiP* cit., VoL L ea- 11% m i Vol* TI. JI. etc. 
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TJit i\jilniTiic Coiitiiteiiliil (Tluci^j' is it'iti'LiiHl only after siiF' 
luoniitiiLf' iill llii^ nljslaoles. From the snijuiiiia of Ttrahiint 
lislund luotiL of tlio peaks ^vej-e oliHjrvwl !)y tlio explorers of 
the ItcffjictEy luirt ejxwciolly by A''uji Dryguiski, from llie sum¬ 
mit of Mount Gauss. But on the famous jnsirney from C'upn 
Scott, ill Victoria Ijdiut.]. the fiarty succeetletl only in tinvert¬ 
ing ubout. 300 kiloinolerH iuliiiul, tvUile Xatihcu in Iflfia’bml traversed 
the whole of the gnnt GreenliUiil (Hacier. The bonier of this ice 
af least has Iweii directly studied. On West Aiitarctide it covers 
Dr net) Ltiiiid ttmt Iving Otsiip Band; to tiic cast its edge, goue over 
by Nonlcuiikjdld, extends from the ^ore across the ico hank to 
ChrLsteiisen Island. It has a iofly sio^w, terminating in a great 
depression, and the surfucc of the higher bank appears much more 
nnited than the puck, with great series of blue-tinted crevassea at 
regular intervals/ In the vicinity wdiere the Gainta wintered, acconJ- 
ing to \ on Drygnlski, Monnl Gauss ap]>ears no more than a small 
break in the ice pack, which extends as far as the eye can reach, its 
edge forming aimve the coast ice that wdiite perjiL'iidicubir front wall 
already mentiotied, A sounding nnide nt the foot of llie tnountaiii, 
through the fresli ice, showed a deptli of 170 meters.* Finally, on 
Victoria Land, the cuiilinrntal glacier is lodged against the mouiUiun- 
ous coast barrier, as in the western part of Green land, and it ciilTers 
from that in few res|K?cts: only four e.xteiisioiis of tho continental 
gl [icier ha ve been 1 wa ted f ram Cn ])e Ad a re f 0 Ga pa I>ongstti f. Tliero 
cwuried here an evident sinking of Hie surface of the land ioc, whtdi 
Scott (stimates at from 120 to 150 maters. Finally, iL is to bo noted 
tliat the Ice Idocfc on the isLutiils is in the peculiar fonn. obscn'ed bv 
the and Fni/ti;ah expeditions, of half of a large mound, of 

wliiah the steep side ia opposite from the usual direclion <if nppronch- 
ing blix^.ard« there the northeast!. To tliest* enormous solid dunes 
the significaut name of " ice cap ” has beem given. 

CJdCi.HNIC LIFE lJ?h r^JiTAHCnC 

Tho wiith poliir lioni hus bwn Mturlicil principallv on West Ant- 
ai-clitle. M. Skottsberg, tho iKUanlot of tlie Ajit/trctir. places its 
northern limit at nbout latitude W’ 8.. and distingiiLsbts it from the 
austral flora, which is similar to that of 8onth Georgia Islandii The 
islands are in a class which would imve as characteristic vegetation 
15 phanerogiimic plants, among them the high husllK ortuiisok 
photographs of whicli show slender and ligneous stems, grouped in 
large bunches. Tlie landstape resembles thut of Tierra del Fiiego 
without trets?. But the cryptoganis predominated ferns, 20 lichens, 

" NaritenAkjatd : Op. I'U.. p. in. ~ 

DffgnlifkJ: Op. elt., jip, aij, t^tc. 
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iind n number of mosses—and M. SkolisiMirg; iitiribntra (heir presence 
to a recent glnciii] ndvance. 

In antar«.‘tk Jlora ihe pbunerogaiDic plants are but rare and curious 
exceptions. Tbeir extremes KOijliKsni localities, so fiir as wt present 
knoten, are: Cock Is uni Island and tho nriglilsorliood of iJaiico Land 
(lull 12* S.), tvliere M. Kucovitsa made olnscr vat ions; tlie tiuna- 
tak ** Castor on ^eal Island, studied by tlw exjKsdition of ilin .In?- 
nre/sV/ and linally ou Wimdel Island (bt. where AI. Turqnet, 

of the Frtini'iriKf mtitle intereiitLug discoverici^ The ItmiL in nltitiide 
of plant life necessarily vnries cmisidei'iibly. Hkottsiserg gnlhcred 
luosscs and lichens on Pnulot Island at a height of 360 ineters.* 

The striking characteristics of this rloni are the great alinndiitice 
of mist sitaAveeds and of diutoms, which explains the sivamiing of 
aniiuuls in several loealities and the nniiieruiis npecics of itionttsis [itO, 
according to il. Tnrtjuet) and lichens, some of which tire biiHiJar. 
But phiinorognmic plant* arc not lacking. A s|>eck>s of siinill gms*, 
/ifni atiiitrcih'tt, oliservei] l>y HnouvitMi on t^K:klulrIl Island, and !)y 
Otto Nordenskjold cm the open shores of Orleau* Caiiul, was also 
found hi' M. Tnmjuct on AVundel Island. At Biscoe Bay, to the south 
of Antwerp Island, this plant, he suys, forms veritohle prairies among 
the low hilln, Among the motiiies tl is ussoeiated with u rather tmde- 
VGlo]}ed species of Cttryojiliille, which he saw for the first time, tho 
Coloftrinthns crassiyo/itf.!f, its diminutive greenish llowers being hardly 
distingiibiliHlde from the leaves.'* These two plants urt' found in the 
Horn of Tterru del Fuego: they Bboiild !»■ n^gnrded us wanderers from 
tlie nusLriil Horn in tho antarctic realm, in the midst of climatic condi¬ 
tions entirely unfavorable. Jlount Gaura, isolated as a iiunatnk amid 
Imuiidlei^ ico fields, and far from any center of propagation, has not 
present wl them to observers. 

The rigorous antarctic landscape of ice and rocks is enlivened ijy u 
niiiiieruus fauna of cetaceans and birfl* pecoliiir to the region.' The 
great abundance of fooil in the water—iislies, cruslmvans, diatoms, 
and “ plankton -’—attracts the seals and birds to tlie ice hank, parlicu- 
lurly to its very' oca edge. During tlie oimpaniLively wanner mouths, 
however, they live on clear s]Jols along the shore, and even on tho 
edge of tlie land ice. It is here, principally, tliat the birds propa¬ 
gate. Thus tliere ore observed migiationa of great geographic and 
practical interest in which but u few siiecics ore not indudod. 

The fauna in this locality differs from tliat of the islands of the 
south Indian and Atlantic oceans, and that of Tierra dd Fuego, 
which may be classed as “ subantarctic.” Tho fauna of Victoria Land 

“Gooftr. Journ, IIMM, jin ftJTj, rttCl, 

* Doctor CluiKOt: Op. clt.. riJ. -l-'O. 4 . 15 , 

-?De GcriHchc: Oil elL, il 100. Doctor Chamit: Op. ell., p. 4tl> tTurunct). 




474 AN2?UAL REPORT SWrTUSONlAN INRTtTtmO^^, IDOS, 

is Kiseiitially the fianie as that of Antatctitlu. Arronlin^ to 

obseri^atioi^s by thi?- Sou them Cmm pApeditioHj it include-^ fvw bi- 
polnr specip.s^ eXfrpjU union" i!ie cnistiioeuiiSL Finjilly, rertuin lUlonil 
species of fcsiiea (NoUioteiiidn*) and otlter ninrine nnimols^ resem¬ 
bling the survivors of tUe Tertiary age found alon^ the jdiort-s of 
South Ameritft and southern Austral in, support the byf>otbesij 5 of a 
former connection between the polar lands and iliose continents. 
This question. lioweTer. is still unrerlinn^ os we have seen. Winders 
aiid i?ea! luinteis were the pioneers who opened the route for the 
Fclentific: ex]>editions toward the South i^ole^ aiul the pni^^nt-day 
continuance of these cnteqjrlHea serves as good evidence of the 
a blind anti? of large animals in tlirse southern seas. One of the latest 
and innsi daring of polar game hunlerK, Tuirsen- who served as cap¬ 
tain of the Antarctic, I ms fpinc with the definite object of establish¬ 
ing itn oil stalLoii in the antarctic bilfinds lielow 8outli America,^ Any 
present and future diiseoveries in this direct ton will no doubt bene¬ 
fit primarily the Auslralian and Argentine interests, wbo:^ business 
headquartei^ are in the vicinity. Thci^ is especially to lie Tnjtiee<h 
in partial pistifiention of this suggetstioiu the sup|>ort grunted by 
the Argentine Government to all subpolar expeditious Ljoniid for 
West ^\jitarLlide. a support ahv^ays us valuable as il is willing. But 
let ps reineinber tbet material iiiEerest in expeditions of such prolit 
to sadence is never to he discredited. 

The whale projjer has not lieen olisorved in antarctic seas^ but 
the MegupteriL (jubartesl and the Baleinopteru (rorquals) are of 
frequent otvuririn;^. Scab of rieh fur aiT abundant on the ica bank, 
living in ^all giraips or families on the surface. During wdiiter, 
however, they spend part of their time under the ice in loeiilittPii 
where the sen water is less cold ainl where fuotl is plentiful, tliclr 
communication with the outside world being inendv by miuina of 
holes which they purpt^iy k^p open, Tbo largest of these animnls, 
the sea ekpbant+ sometimes 6 meters long, and the kopnrdH noted 
in nil the localities visitoch but really of rare oecuri'ence, alfk> bdung 
in the subantaretk faumu and are found, hir instance^ at Sonlli 
Georgia. Three varieties are peculiar to the ^honth polar region. 
Tim Wedddl iHcal {L&pt&uych^teif U.). with its iron grjy spotted 
skin, a g^t ^ eRtcr^ aJid tin* crab-eater^' (Lept^dofi carein<>pJ^- 
which livoa on varieties of shrimps of the genus Euphausius, 
very nuiuerous m many localities, are the most common spi-cies. 
Tl^o Ross seal (07n?uat:<?phoea is the species that bits been 

found farthest south.* 

^Vmong the birds, somo of very high flight, the petrels and the 
albatross, belong to the subantarctk fauna. All the species show 

A precedent fellowwl bj M, Haller da Baty* of the Frentufa ert-w. 

■6 Rcc Seoit'B account, Vol* II. Appeudtx, 
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Triricties more psirticularly polar, and all of ihmu associated with the 
mahchots. to the unimai life of the i<K hjink and the border of 
die nntiirctic lands a very special aspect. 

Coming from tlip north, the first bird to appear is a aniall petrel, 
the cape pigf.^nn «r dsimier, whidi is quite iiumerous. After this come 
the teniH, six varieties of the j>etri:h including the Meffale^tnAf and 
the ^at f>etrtd, a genuine vulture of the south pole, with it^ w ing 
spread of more than two meters; finally ilie connorant {PAatocroeor^i^ 
the vea g^ilht {Larnn dominicanm; etc.), tlie chioni^:, and 
the manehots. All ths,se animals are web footed excepting the chiouis, 
by which is demonstinted their dependence ou the stu element that 
nourishes them. Almost all the birds, like the seals, are destiiienl to 
migrations that take them far from land from the time when the cold 
extends and thickens the coast glaeiei-s; that is, from Jfay until the 
first half of ^"ovemberj w'hen they go south again to lay their eggs. 
The rookeries then suddenly spring to life, and colonies of various 
species come to dispute a jdacc for their nests of seaweed (the cormo¬ 
rants). of mosses and lichens (the sea gills), or of plain sand and 
rocks (the tenis). Only tlie cormorants, the sea gulh?, and the 
cliionis, that can ily far for their fowl, iTmain on land dtiring tlio 
wiiUvr. 'rhe albatiuss and the j^etrelH, which are exceedinglv car¬ 
nivorous, Sind ronsii-quently great gone thieve.s and scavenger, follow 
the great migration. When the seals and nearly all the birds aban¬ 
don these regions^ absolute tU'^^olutLon remains; the polar lands lie 
tlead Ijcncath their trtanile of pitchy darknefs, fog, and ice. 

The penguirLS, far more numerous than the other birdsj are the 
principal friends of the exjdorera, whose table they abundantly snp- 
[>ly. All descriptions of the country are filled with detaib regardijig 
their habits aiid oharacterbtics, esiwcially noting the good nature, 
w'atchfulnesH tiud curiohily of those interesting birds. Thousands 
of photugmidis portmy all the phases of life in their wdUestab- 
iLshcd communities^ On Wc?4t Antarctida the [lenguin of Adclic 
Adff^fr) imd the pajxiu prigidn {Pi^gomdk jmpoua) are 
the msiist common, 'rhe //c/yicfi, and Anf^rt tic expedition]^ 

have minutely studied the penguin colonies. The antarctic i>euguin 
{P^ffoacclh {nditi^ika) has S>een seen in small group?^ in Ilelgiea 
Strait and On Wundel Island. Tlie Frati^aU failed to find in this 
locality the great euijieror penguin ( Apfcnodylei Foti^Urii)^ common 
enough toward Mount Gaii&s^ end Victoria Land. 

The insect family Inis very few representatives. The explorers of 
West Antarctide discovered a wingless fly, the Bilf/im itntarctic^, 
which lives among the mosses^ thix*e or four rarieties of Acarieiis and 
the snow Ilea.'* 

" lh3 Gerlaclie: Op. ciL., p. 151. iK NordcQskjOlil; Op, cit* p. SOU 
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Fldica* on th^ other hiin J, tiUiund in greut numbers anti many spe¬ 
cies are eiUWc* The same may be said of inoilusks^ priiieipiiUy mining 
which Ls a varieiy of Patella im whitdi the E^ea gulls feed* The Crus¬ 
tacea nFi are represientetl in the tiiaiit by ii siiiail sJiriiup of tile gvniis 
ELjpliaiisiiLH, on which the sealsj ^ cratMaters.^^ and |>cnguins feed, 
(.iciicrti of inferior rank iiri? ninncrotis and the specimens brought 
back, as well as local stiidieSj have augmented natural liistory by more 
tbun one ebaptcr^^ and cleared more than one mooted point in paleon¬ 
tology. Knowledge in inicrobioloirj' shonkl also gnmlly enhanced, 
as Ls demr^nHtrateil hy Uie fiiYt ohscrvatioti!^ of I>ocli>r Charcot on 
£jOUth iHjiar materiiiE^. 

CONCLUSION. 

Tlie^e ate the disco verier* in Antarctica tnaile by the scientilio expe¬ 
ditions in Llie last live or sis yeai-s. The neiiesaity for further re¬ 
search in tills region has been shown, and the directions this rcs^^uireh 
shcmld puiTaoe, 111 the meimtime plans for fuiui’e studies vivc in hund, 
Tiie knowledge gained by Llie various recent expeditious and rlie 
experience and results of his fust voyage have guided Doctor Charcot 
in sdretirig ibe locality for JiLs ivoik and in prepuring a complete 
plan of studies, to which the Academy of Sciences tins given its 
hearty approvah Two English vessels, commanded by Captains 
Scott and SchackJeton, ai'C again bound for the vicinity of Victoria 
Land and Rcish Sea, ilr. Bruce la alHJUt to visit tJic Weddell Sea, on 
the Si^otiiij for the third time. Finally, ^f. Arctowski, fonnerly one 
of Lhe sbip^s officers of tlie is to attempt ii eirtumijKjlur ex- 

plorntion, in aecoi dance with the progrBniine adopted by I lie Brussel 
Cirngi'c^iS, M. Chartrot has therefore chosen the great region to the 
Koiithwi^sl of Antarclidy^ between G0° and 140^ \\\ of Paris. 

It. h Iwlow Alesmnler I Dmd mid Peter I L 4 indj on this side of the 
southern ice bank, handy approached by Bellingshausen and liy 
Wilkes, that will probably lie richest in discoveries. After eN|>loring 
the fossiliferous beds of ]^lonnt Brarisfield and of Seymour Ishuid, 
wdiere specimens wdll lie gatbeieth wdiich w ill be stored at Uslitiaia or 
at Port Cliarcot, tlie exjiedjtion will try to establish a conneetion lie- 
twt^m I-i>nbot Uincl and Edward YIT Land* It is planned to Sfieml 
at least one winter on krid^ and journeys over tbe ice will l>c made 
often mid as far us fiotssible, not for tlie glory of long dIsUuccs Lrav- 
Ldtid, buL to iijs|3ect a large aiTu of ice,* A commksion of ihc Acad¬ 
emy of Sciences decided on Fcbniary 4 to grant M. Charcot its iinliin- 

"DocEcir CriiaiTfit: ProsnvTnmD Up I'Eirtftlltlna francatsfl nu P-UL-Stml, ji 
pnamtiiet of 12 p|>., TOtftL The tbti?f of the expeciinoa EuteoilH to fluopSy jpro- 
Lv in&ttiia of n teiaJer. He tmft cloa?|y imjdkNj motlicNiK for the o^plora. 
UoH of ilia dlKtfltit ice aod will \xy liwivy nutuuujilillo alca^m whkn will 

Iierauiia he aaefill tor the poJe. 
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ited suppKirL, nnd a camnLittGe of twelrc pemms was appoinU'd to 
dvjtw up a detailed progrumnie for tho espinlition witli ii viow to rr- 
sulift ftln^ady secunfd. The Jfus^um dTIlstoire Xaliirelle^ the Ligue 
Maritimu Fraiiv'^^i*? InKtitiit (Xviitiugrapliique Imve gonibiued 

largely in Ui^ prejiaration and ilie seliK-tion of the nialeriuLs fur ti'av- 
elingi for observation, and for laboratory work and have aLso aideii 
in giving preparatory instruction to the oliservers. The Govern- 
iiiriit bn ally has cooi>erfitefh at the iiLstiiiice of tlie lulnister of public 
instruction, through a reasonably substantial appropriation. Much 
better pneparcil and H|iiip|>eil titan the Fmn^ah. the 
will carry oHu'ei^s and rrew and an outfit in part new, but m full of 
playrical and moral courage as the fonner expiHlition. 

In conclnsioii, may w'e emphasize the jwieulific reasons that shonld 
enlist the livelient inteit^rt in this entE'rpri^je. Tlicy hitvc been nuistcr- 
f ally rnesented by the com mil tec of the academy and by II. Charcot 
himself.'^ 

The fionth polar ivgion, aliuc>?it enlii*^!^' covered by icc and sur- 
roijiidecl by an oi^eii sctu in a Reeled much less by dbtaiit foreign in¬ 
fluences than the arctic basin, ^^^iiids and currents from outside 
soiiraTS tlo not create olstades such as those found in the north on 
the wtfst ami east of Clreenhmd* for iiLsinnce, or between tlte west and 
east Hhonm of the ^"uHb Allan tic. The cold teini>crature [Rile and the 
niiignctic pole seem Lhori* reason a Idy near the astix>nomic ixde. Tfie 
isolation, no doubt recent, of the antaiTtic islands and continent from 
the rest of the world has still Iweii so complete that conditions of 
locality and of organic life are and uniform. It is a field for 

research unlike any in tlic world, not because of llie local data that 
can be secured, but from the point of view of the general physical 
struct lire ami history of the earth. 

The ijuestion of thc'uniou of the antarctic lands with the southern 
part of the continents, which has not yet been definitely solvfth ojiens 
a field of suluable ri^^carclL The true explanation of the pointed 
estremities of America and Africa will furiusli anotlier object for 
observations. MM, Lacroix and r^apparent insist« in the written 
instructions to Doctor Charcot, on the need for determining how far 
the petrtigrapbic limits of the Andes and of America extend into the 
Antarctic. From samples of rock broijght back by the hilt^ exjwdU 
tions, it seems to cover the whole end of West Aotarctide; but a micro- 
granite found on Wandel Island would seem to indicate that there 
begins a different province, of which Victoria T^nd is a part. There¬ 
fore it is ca=y to undcrfilnnd of how much imiiortance is a detailed 

rtlDfltltut lie Pmuce, Ai^dGuile ili-s SiTipuecs. lafirmcttrjriti 
aatarctlqili^ if&T la Dr. Amn V'lwirciJt. 12ino, pp., GnutliLer- 

VlUars, 1907. J. tl* Clmmit! t^jurquol f aut-U all or dans rAiJtflrcUi|ai*lf 3*, 
Xfl iHh. 190S. 
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study of Alc3:ajuler I Liiiul and t!ie regioa tliat adjoiriFt it on the 
In iliis ^ronneetiorit on exuinination of the geological collec- 
Lions from IVest Antarctide froiu die Patagoninn and Cnpe Horn 
eacjicditioiis, ii. Gaudry has drnvi^n oonelu^ious worthy of deep con- 
^iideration.^ The character of the Patagonian lowne and Miocene 
faunas strengtheiLS hLs belief in the existence during tlie Tertiitry 
period of *^an inmietiso antarctic continent* with rich vegetntinn and 
warm cliniate^’' of whicli the |}t>lar iaiids formed n part+ 'Fite latest 
lieriud of depression which Jias by degrees isolated these InndH, and 
the invasion of ice that has modi tied or stopped the developiiiont of 
life, sliouhl be [jlaccd about Contemporaneous with the formation of 
pampas; that is to s£iy, afier the Pliocene period, which witnes^sed 
an invasion as far south as Patagonia of northern animals (ruastcKlonj 
Lajdr, etc,)- until the Iwginning of the Qiiateriinry, wlien mmi is 
known to have lived in tliLs region^ Iiei?earch suid study in tiie Ork¬ 
neys aiu] South Shetland and in Antarctica, on the ookc and day 
clet)OsiLs and fonmitioiiH of the same period as the pampas, is an 
undertaking of Jeep interesL !M. Cliarrot says it should be ns inter¬ 
esting as a trip to the mooii,'^ 

.Since the fKilar region was separated from the cantinentjs and 
began to be covered by the icc, life on this jjart of the glolie has in 
fact undergone sneh special evolution that theorie^i about the hi polar¬ 
ity of species seem to be at presiml destroyed. I’herr itemaius to be 
delmilined the time of separation and the links of tins evulutioii 
that have disa|>[>eared^ Have all the micro-organisms whkli were 
found by file ohriervers of the Frun^mjf ijcattereil over all the south 
jjolar region been dead for thonsmida of years, or are they still 
develoiiing under conditions of temperature that would ordiuarilv 
prevent lif*?I On tiie otlier hand, beneath tise ice must lie hidden a 
dora that has disappearci^I, and also the immediate ancestors of the 
pix^uit living animals^ which could not survive such severe ctdd. 
Here must l>e buried an extiiigubhed world, a ** whole system of life 
absolutely itnkudivjVp but seen heretofore, dead from its inability to go 
farther north on aeeoimt of the cooling of the earth,^^ Since all 
research on the mineral format ifm of the globe and on conditionn of 
life may lead to unantinpatetl practical results, it may Iw wen that 
these suppositions are not altogether sja^^^uktive. 

Although singular conditions have pt^vailed on the pIiSHical struc¬ 
ture of the glolje in the antarctic with regard to prevJOMi^ studies, 
these will continue under far more propitious circiimstanet's. For 
the work of nhsen ing the tides, and for reseanilies on solar and lunar 

■ IjacirolJc: loatraetlanp, p. 11. 

Infltrnctamp, \Ti[K 

<■ IkHitpr ninR-iU; rvainintjl ftiai-n nlli^r na PftlL*-i4aa, p, l-j. 

J nwtor Uharvat ^ 
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ottraetions, ilw large southern ^aa. tordered by nn almost regular 
tjelt of icQj are most fttvoriibb loenlities. Likewise^ investigations 
on the com posit ion of the air, on terrestrial niagnetism, and on the 
intensity of gravity* ftf> foil <if possibilities in the study of the form 
of the geoide and the ga.seous envelope^ can, di(0 to the immobility 
of land^ niid ice fields, lie studied as in a laboratory. The ari^iic 
[xjIhi- l>flsin floes not olTer as gi™t advontfiges. 

The liest results, of course* may be obtained by the establishment 
of a friendly cooperation l>etwccn all the obsen^ers of different na¬ 
tions preparing for study in thi« antarctic region, and this should be 
done bv laying aside the cause of natimial coiiijietition in the general 
(.tause of scieuce. 


Aprfjwris. 

TFlf, atiACKLirros riPEDmow. 

[Tlie fcillr^vlDp; iL«OLiEit nf Ih^ ot Lti^ulfiLiiiat SbAC-klptc^ii Lb fm[B 

The World (i Work. Mo>-, |aw>, Vol. XVIJI. NiX 1 . fttaobk'daj, A Co., New TotkM 

Lieut* Kriawt tl. Klinekletoii. of ttu? ItrStlah Kavj't left l^don on July 
11)07^ In fi^rv-b of the ^iimtU l‘ole: mid he (mih ri-lumed [iftyr lireaktiig prevUmw 
retX^niP by tiiUin mid reAcliliia a 111 tuUoti frum tli*.' I»olo JmUf. T1 k> 

piirty wUlfNl III tlio fibljj Nimrv<l 2*fK:Kl wWm due mnth of N‘ovi^ ZEfatiod* und 
were lefE fiflbrire in the frostcHi wilderness iit McMunlu SoiinU, wliere Uioj oroctMl 
tlie wooden boUiJ’' tbi'y lind In fruin KOglnnil. Kmiii thin L>(int 

lliry t aillea luinnd, one buinlml Jind twenty'^x daypi to iLu? 

expedltloTii They rrossod BDioral cuouTitnlnB nod readied a pilatiMiu ID.OOO feet 
almi'o HHL level* AfEer i;)ait;f^Li^ liie aontli majqiaiLc |iOkv fit n lutltLide of 12^ 
[oiiidliatoin4^, a jaany of four tamed nuldo to ni^iid the Krtful qiiiiiriiic volcmiat 
Mfinut Kr<»bnj^. lanlSO feet hi eh, the eoiiibemiinK^ volcfluo in liie world. Tbla 
Uiey iif^ceridiHl for the llrst time, and found lt» crater to be 1mlf n mile In 
diameter, und 8tjn feet ileeLiu It Wim tlLTOwin^ up yretit VDlumea of ftteum amj 
^ulntiiiroLis (raw to n botaht of 2.0C10 fet*t, 

A:Hiiie£nbllu^ lit the Uline at loti at CAiiiu Uoyd, n Fu^eond party. Including 
LleiiteEuitit Slijiebletou liliii^elf, %rUh four J^liindiurliiu ponlest^ atnrtod od {X'tobeT 
2tj^ 11W3, for h Ihijil ihish for Ihe pole. They were BLoiiked whh priivlaluna for 
uinety-uDe daj-M, The winter beln^; nilidp the low^est [ehn>emturr they eh' 
couEiten^d was below s&ero, Fahrenheit. At tm^jnliir Intenala, they tnade 
ileiKila of fcrtwl for iheir retunk The auow w^aa sto mil that ihe fKinLes frcadently 
mnk In Up to their be!lien* Oue by one they had to he ebot. as they were 
nttaeked hy wiow-blluihiess, nnd were needed for fiwiil. 

At n lutllude of sn' the imrty difeovered nn enomuma glader, mnefl long 
iiud approKinmtdy Jo nilleH wide* running In a Kouth^aonthwesterly dlroetlDn^ 
tfeyijod the glacier, they came Ul^m n grr^it pin ten ii l>KUan feet above ai*a levoE, 
w'hleh ro»e gmduiilly In long rld[£ea to 10,They had left aU the 
niontitaiiiM l>ohlnd and hnd entered u|>ou a great pin tea n. whtch apparently 
stretclie^l ulll]^Jki^n to the iwde, whm on Jnnnary h of this year. In the mlElat 
of A vlali^it tiLlMtcifcL the whole jiatiy, wen kern'd from the effect b of a sbortnge 
of food, fell th 111 111 dyfteidory mid were forced to turn buck. Tblit, the nintil 
fiuutborly tioitit ever rtiiched, Ln a Latitude of SSi’ longitude eaah 
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Tbt tlDlent tillssftnls m (Jie plutejiH nppoBr to itlitproTe Uit* luppositlon 

tlmt no area of atiuoflpbo>i'|je calm aunnavadfl tlio polo. 

The flcbleTODMiiits of tlie exi»dlUim are nuiDy aoil TBrlaJ. Bl&ht moontalo 
chninB wore dLicuvoml, aad 100 tnotmtaioB ourve^ed. Many fyatemaUc mmk 
loiflcnL iiietoorologlciil, and botanloal obKCjrvaHooB wor^ mode by tbe oxfiorts 
niOflobod to Thu chief YoemtlciA was In m idiapo af lari^ abot^a 

of a fnn^piSnJli^^k |g|iiQt to tho Inko^ inaoy Ulclicus^ it f&w oiDases^ atiil mwiH'd 
of two Itlnito. Tlae iiorom] dJopInya wore excoodlo^Jy brllliimt tJifdu^liout iho 
winter^ oot‘ of tbo most ertrlkluK foniifl tielug; a borlzoDtal b«r wIUi dret^ 
otirialiiH cxtetidlDg aoroi^ the fiky* aomotlmoo otatlODnrjf notl icoiucttioco tooTton’ 
with Kr«it njpldlty acro^ the hepreofl. In hhi report IJfnitenniit SlmoIslirtoD 
oliN? apeifikn of ^^raclnjf concailofi of luiolnoFieeoce, which trnvorsod tbe kmjdh af 
^ heavooa with romaticablo Otk^rmtlona were alno modo in moteoro- 

loglcal oplti^ and atmoflpherJe doctrlcl^, t^hor wllb ohanilotil and phyalcol 
ertndlea In coEincctloo wUh the freezing of the boa enrthoe. Gocul inooullght 
phoUtgnir^lut were obtaJaed of the oruptlca of afount IilrebiiB, And it was ftir- 
tbenuore aarermlned Ihnt moat antaretio bcTK» are muw borga. 

Although little more than the ohore line baa been explored, It U bcllerea that 
the antaretlc ctmtineut ta nn iargte na the whole of coutlaentJiJ Enmia^ A* a 
re*nlt of thlB 4^{ic*4lJtlau^ ibe entire aiap of the aniarctlc regionu will hiivo to be 
chnoged^ The exj^ltlan, by endumace and by acbJereiueut, rpoha with the 
giViit north polar expIornUuns. 
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SOME GEOaRAPnTC*\L ASPECTS OF TTTE NILE- 

[WlUl 0 


By CniJt. 11. f!, LtoSm. K. R, F. R. Q. S., 
Blretvttr-ifrnt'rtji of tin: u/ Ftfirpl. 


The geogTwphipal esploratiatt of the basin of the upper Kile was 
acliv'eJy pri>neciit«l rlurinj; the E?ecoti(l half of the lost ceiUiit*)', l>ut the 
Malidiijt rebelUon clothed this region lo travelers in 18Si, and for the 
next fifteen years hut iittle could be done. In 18911 Ibo capture of 
Oiiidui'Dian and the defeat and tlLspersul of the Dervish forces once 
more opened the soulherji Sudan to European activity. In the mean¬ 
time EgX’pi, iiiider a stahle government and an efficient organization, 
had increased marvelously In cctmomte prosperity. Improvements in 
the irrigtttlon system eiiabh?d the cultivator to receive rcgtilorly the 
water which he required, and the construction of the Aswan reservoir 
fnniishetl a supply of water which sxifliccd, w'ith strict economy, to 
meet the most pn-wing needs of the country ond its rapidly increasing 
(‘ultivation during the low stage of the river. But more water w'ns 
necessary if the waste lauds on the tiordiern margin of the delta were 
to be reclaimed and cultivated, The Blue Kik, which falls rapidly in 
the an to run montlis, was obviously useless for this purpose, so that the 
study of the ^^^ 1 ite Kile and its tributaries was the first step toward 
the solution of the problem. 

During the past nine years niueh has been done in this direction, 
and now the main characteristics of the vuriou.s portions of the river 
system have bean a,<iCiWtaiuod. It may be of interest, therefore, briefly 
to lay the results Ix'fore the sociaty, 

Li Eg\'pt. from the earliest period of antiquity, the annual flood 
of the Nile was recognized as the most important phenomenon of tho 
3 renr, and it attracted the attention of the dwellers in the valley Ixjth 
on account of its importance to them and from its occurrence in a 
region where the climate is practically minletss. According to Herod- 
otiis, tho ancient Egyptians considered the river as flowing from two 

"Reatl boforu tbo Roinl GeajirtiiihIcRl Society, June ItWS. Rtiirlnteil, by 
(H'nnlsaloa. wtth imUior'a correcllaiu, from The G«qnaphical Joamal, l^dott, 
Vol. XXXI I, X<», s, XovMutKT, UHJS, FlateS t to 4. i^otoKTotibs by K- SI. 
Donscni; jilttte S, ithtrtoBtarih by Doctor Borchardt. 
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springs in the Deighbotbood of PIiLEm Island at lli!; head of the first 
CRturact; ulilioiigb this iugendnrv souroe gari not have coincided witli 
tbeir experience, since from v'crjf early titnes they were acquainted 
with its Nubian vidleyv and thereftim; knew that the true ^iou^ecs Jay 
to the aoutJi of this again. But those soul hern regions were [joor and 
iiihaspituble us compared with the fertile fliKxl plain giud Uellu of 
beyond raiding them for slnvca and cattle and levying a 
tribute ujam tlic inhabitatits, tlie Egj ptiana intertateii tlicmsclvcs but 
little in the upjier reaches of the river. 

In llio coursB of the eighteenth century the sources of the Blue 
Nile were difH^overodj and the cause of the utiimal fltxid was correctly 
determined to be the Bununer rainfall on the table-land of Abyssinia. 
In the iiincteenlh century' the ^Miite Kile was traced to the lakes of 
the wjuatorial plateau, and the geography of its basin was siiHicicntly 
elucidated to enable I,,oinburdini, in I8tt5, to sketch out the hn>ad lines 
of ihfl hy<lr«igrttphy of the Nile. 

I luring the loj^t quarter of llio nineteenth century the rapid increase 
of proapority in Egypt, which was due to the estublisliiiient of unlur 
in the cotmtiy and the introduction of administrative reforms, ili- 
rected attention to the lower reaches of the river, while the Muhdist 
rebellion dosed the Sudan to travelers. I’Jie irrigalioji of the counlrv 
liad ljt;en organized and dcvelo]ied so tJmt not only were laigt' iiitas oY 
waste land brought under cultivation, but land which formerly bore 
hot niiD crop in tli*^ y^iir, produced two and even three when the water 
of the Nile was supplied regularly tliroughout ilie year instead of ill 
the time of llie iuniidatiou only. Jiiit at the same time that the 
dcmiiniisof the cultivator have been eonstanUy increasing, Egypt has 
ex|>i*rienct‘d an unusual .shortage of water, ctiused by the long series 
of exceptionally low Hoods which have occurred of late years, otic 
alone muco that of iStifi having been above the average, so that great 
diflieuliy 1ms Iteen exjjcrieneed in furnishing the quant it v of water 
needcil for the crops. 

The tTiloable cotton crop. wlikL is sown in Jfarch and April, atid 
which is picked in SeptcmbiT and October, needs a regular supply of 
water in Nlay, dtme, and July, when the river is at its lowest and the 
floml has not yet arrived; consequently the irrigation euginecK have 
lieen eomipelled to husbatia the water in every availuhk wny that could 
be devised in order to meet as far as possibie the ri^quirements of tlie 
early summer montlis. But a larger supply was urgently needed, and 
directly Omdurmnn had been taken and the ilahdi&l ‘reliellioii had 
been crushed, the. investigation of the upper NUe was vigomu.ly 
pushed forwanl iti order to see how the low-rtugo nupply 
could best lie increas'd. To these needs we owe the great addition to 
our knowledge of the regimen of the Nile and its tributaries which 
has Ijcen gained during the last eight years. 
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JEatiy of the viowri \rhkll ifcro formerly held have been modi Tied 
ns new ififoriniition wjis nccumulntodf hut wb iiiiiy now sstiy with 
some confideiieo that the regiiiu'iv of the basin is well knowti in its 
brood outlines, and id though inn eh detailed work null ah is to Lv done, 
although many bin's of inTestigntioo art* as yet altiiost iintoiiehiHl, 
it is piissible now to describe the more striking gBogrn]diit!ail cUar- 
ftctorislics of the river, and to indicate some of the deficiencies in 
oiir knowledge which tliOfie who have opportunity for ohwrviitiou 
iriiiy Ih' inclined to msko good. 

There are thns: principal and eliaracteristic factors of the Xile 
regfitieii which exercise a marked effect- iiijon it as a whole, and 
hifhtencc to a gre.itcr or lesw ilogree each portion of tlie river system; 
out each portion also has its own pcculiaritief!, wtiich may greatly 
alter its reach of the river, and may pixaiuce ettectis widch in turn 
iiifiuencsi other area?. It will be convcnietit lu deal first wHli those 
factors whicli are of wiiler influeucn, and afterwards with those which 
affect a more liiidled area, Of the former there are thi-ec; 

h'lrstly, I lie jdatenu of the equatorial lakas and the Abyssinian 
rinteaU“for kitli of tlieai' iietTeivu n heavy rainfall and supply the 
wboie of tlie water wbicb is carried by tlic Xilc and its tributaries, 
tiial which fulls on the SiidaJi plains Iwing so bttln tliut it may 
donsiderctl to be practically negligilile a.s a source of supply for the 
river; secondly, the rainless, or at lea.st arid, conditions which prevail 
over a vniy large proportion of tlit lias in, since even over the grt'ater 
portion of the Sudan plains precipitation is very nifKleriile in 
anmunt; thirdly, the very low slope of the basin, whirji is such that 
an altitude of 1,500 fret above sea level is not reached on the While 
Nile until a point 3.000 miles from the iMediteri™Gan, near Gon- 
dokortj. 

Though eacli portion of tlm river has its own peculiar character, 
tliese ihrre factoid, « hea\'y localized rainfall, aridity in other parts 
of the iHLsin, and a valley of low slope, tiro those wldoh exert iho 
greatest nnd widest iidluence. 

Wlien we l*gin to study the liosiii of the Nile ns it ia presented to 
us to-day in the latest maps and in the descriptions penned by 
travelers In recent years, we find that in some respects tins great 
river departs from the normal type, and exhibits peculinritiits which 
it is of interest to investigate. Hivcrs have usually n steep alopo near 
their sonren, which gradually beettmes less as lower levels ure readied 
and the eroding power of the water diminishes; beyond this follows 
8 rt'gion of deposition, wht'txi tim inclination of the valley is very 
slight, and the river flows slowly through alluvial plains which it 
has formed in the course of ages; hut this plain tract occurs in the 
Nile system at two very distant points, the valleys of the IJalir cl 
Jebel and the llliite Nile, and the valley of Egypt, 
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If w<? cjoiisider the loiigittuiinal section of the Nile, ^iliicli hiis now 
Jevek'il from the llcditermiican to the Victoria F^iike (wit)i the 
exLt'plion of two s^Jiort reaches, to^rether not more Ihurl 110 miles in 
length out of ii total len^rtli of altoul 3.500), we finil lliat hotli the 
^ ictoria Xilo ami I lie Seniliki Itivcr <]es«‘iul very rapidly from the 
ftlUJL tori ill plateau iu several series of rajiiils, iiiternipleii hy level 
readies, uulil GondoWi or Mongiilhi on the Hahr el .lebel/ Then 
there follows a lengtli of l.OitO tiiiles in which the river falls only 
ItiO feet, or at the average i-atc of only 2 inches |H?r mile. Jieyoud 
thia point (ha slop* again increases, am] the river dt^scends acme 
ftCN^ feet in 1,200 miles in passing the several eatiiructs lic-iwecn Khur- 
toiim imd .iVs-wan, after which it ilows through Kgy]>t. with n full of 
f^m fi to C inches i»r mile. Thus there U fii^st an imnavignhle por¬ 
tion, then a long and easy waterway whidi is st: para led hv the 
cataract, porlinn. which in partially mivignhlc. from the vallfv of 
Kgy-pt where the Nile has fiirtiislicd (lie Iks* means of ctnmmnii- 
catioii. The (sanpBrativcly recent movement of lilwks of the eartlrV 
cru-st on tlio equatorial plateau is shown hy the very moderate: 
amoutit of weathering which has iis yet taken place, and liy the very 
incumplete development of the dnunage systems there; hikes, 
marshes, and river rejtehes of low slope, whicli are choked with jwds 
and water plants, alternate with rapids and nx'kv stream lml.v. ilowu 
which the water rushes to depoHit its loud of'detritus in another 
isikc or plain tract lower down. In tlds way the water which (lows 
over the Ripon Falls pours down W miles of rapids, mid then tolris 
the still waters of Uke Choga; at Foweim 50 miles of rapids Ixgin. 
which end at the ilurchison ]-"alls, 120 fixt high^ ami immediately 
lieyoiid these the material eroded from the roc^kv Usl and hmiight 
in Ijy tribiiliirj- streams b forming extensive mud flats where the 
Victoria Nile enteui Lake Allxrt. The Sritiliki River, after (lowing 
northward for wmir 5ft miles from Lake Altxrt. Edward, plunges 
down a senes of rapnis until it reaches the level of the Altxrl Lake 
Thus far, then, the Nile may ix »aiii to lx in its mountain tract as 
it scours its way down the gorges which it is carvdng out in tlic 
masses of granite and gneiss which form the plateau. One hundred 
and thirty miles Ixyond the Albert Lake the Nik again plunges doim 
ftO miles of repids, the W step of the kke plateati. after which it 
fluws gently through the plains of tlio Sudan. 

The Solait, the Rlue Nik, the Atljarn, and Uic March, or Khor ul 
fksli, ali rise on the Ahy.:«mioti Rlati^au at altitude.^ of fmm (JOOO 
to 8,000 feet nkive sea level, and [a„ir down their det'p-ciil gorgi'S 
until tiiey readi the plains of the Sudan, where they have excavated 
iiieanrl^jriD^ churiiids in the allii\iB| pluin* 

The quantity of wafer supplied by these two great gathering 
groiiiida would be very large but for certain geogrepbical condiLiaiiB 
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which rciUnnti that from the c<]natoria] plutcjiu to im iilmost constant 
jmpply of rtiwiit 12*000 or U^OOQ cubic feet ptT ^^ccoluh wliile the 
Abyssiniim rivers, on tlic otlier linnd^ inusi fumiali cil>out linJf n 
million fi^^t ]wv f^coiid in u high tlocxL 

In the umjorily of rivers the vfilnnie of wiiler wliich they discharge 
inc^esl^^^^ from ii very small imiomit ntjjr their sources lo u pnaxiiiititu 
tjCJir Ujc puint where they cm ply theuiselves into tlie nr iin iiilmid 
ljiki% With the Nile it is quite otiicrwist^: jiut only hus its voliiuie n 
Yt^ry marked seasonal dtunge of yulimus but from pniul piuut of 
its course it varies greatly, now incrensing and now decreasing as 
conditions atfeert it- The maximum is reached whoti the ALbora joins 
the Nile, and fmin this poiiii onward the ^olnine diuiIihLdies by evapo- 
ndioiit seepage, jiud by ihe utili^^ation of ilie water by the ugricnltiirnl 
Iiojinlatjon of Eg>pt, The whole of this supply is furivislicd by a 
H^asonid ruinfalh which ob«?iHates during the year from about 
suiiiii of the equator to jmrtli of it; in thimiary BriilsU Centntl 
Africii receives its heaviest niinfaU; io Uganda* the spring maximum 
occurs ill Aijfil and May, while during duly and August pi-r ci-nt 
qf the years min fails.on tlie Abyssinian Plateau; in ihc antuuin the 
rain bolt travels soulliwarth again passing the equator about No vein- 
l>er and reaching its southern limit in January. Tims the equatorial 
plateau has two rainy senhoris and two dry seasons* while the Abys¬ 
sinian Plateau and Lhe Sudan, plains have a single rainy .season in the 
sunimcr nioidlis. North of Berber practically no niin falls^ und tliat 
wbich the nortliern part of tbo delta reccivesf in winter does not reach 
tlie river, 

Tiuj supply etfcctivcly fundslied to the river at di0ererit points by 
this rainfall is show^u iu figure 1, wdiere each divLsion of the vertical 
scale represents a discharge of ^5,300 euiiic feet {IjtHM) culiio meters) 
per second. Each of the discharge curves soul 1 1 of llueim dejn^nds 
on It few nicjisuremeids onl 3 % l>ut the diagrams for these stations have 
been corrected as far as [wssible w itb the aid of the daily gauge read¬ 
ings; tlujse for Dueini, Khartoum* Atbura* and Wudi Halfti are from 
tiumerouH actual measiircnieiiti^ Tlie ITockI of the year 1003* which 
these diiigranis represent, was in volume IL per cent lielow an average 
flow! at Ajwvaii. 

The diagram is exceedingly instructive, for we ^ that* w'hile the 
change of level of the Victoria Lake make-s but little dilfereticc to the 
discharge, u very marked seasonal variation w'Cuts at the Murchison 
Fflllst where the low-stage volume is id>qut^I,U(M)cubic feet j>er second* 
compured with 5G^0f)O in Hood, and thi.s increase is due to the Jnly^ 
Novellilw:r raiufiill on the norlherti c<lge of the plateau, since up¬ 
stream of Foweira the w^ater level of the Victurja Nile varies but little. 
At Wadelai tlie level varies with that of the AlU*rL Lake, and the dis¬ 
charge shows a maxim urn tow'ard the end of Llie year. At Gondo- 
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koro therp is n irull-DiarkiKl luaxiiQiitn in Spptetiibot* rurrij^jKinfling 
to that alrf^ady noted at the ilurchisoti Falb^ and is, like it^ due to 
the minfall on the northern edge of tlie phiteain But little of tliii 3 
water evor reaches tlna \VhitB Kik, for aa tiit? IcTel of tho Bahr el 
Jebcl rises, tho plains of the valley art? flooded, and the discrlmrge 
into Lake Ko, 500 mi lea to the north, hardly v^irjes tlirou^hont the 

year* Tliis 13,000 cubic 
.j(f^M|A|U| j|^rA|$|D|tf|i?| pcf second repreat^uts 

the whole of the elTective 
supply furnished to the 
T^liite Nile by the rain- 
fall of the cijimtorial pla- 
teauj KO thiit the nin^off 
at this jx^int amounts ap¬ 
proximately to oJie-tenth 
tjor cent of the raiiifalL 
The Bahr el (ihazal and 
the Bahr el ISaenf toother 
contribute from one-sixth 
to onc-thlrd of that fur¬ 
nished by tlw! Bftlir el 
delH!l, and their combined 
discharge represents the 
whole of the supply which 
is not derived from the 
Abyssiiiiun Plateau* 

In the Stsbat Hiver we 
hove the effect of tho 
Abysssiman rains, but the 
tnaxiiuum is only readied 
in Tkceinbi^r, owing to 
the delaying effect of the 
plains of the Pibor River, 
a branch of llio upper 
Sohat, which are flooded 
by the stmimer rains, und 
rnu 1.— voium diKhMtv^ br Uu> Nile. are only drained ofl grad¬ 
ually. 

The Vniite Nile csrriw d,c volume supplied by the Balir el Jebel 
Ilahr el fihnstal, together with whatever ia sup-’ 

plied ljy Uie Sohat—thnt isi to say, from about M,(X)0 cubit feet per 
tecond a-s a mininitini to abfjut four times that amount in Hotni timt 
But the slope of this portion of the Nile nortli of its juiiirtiou with 
tho Sobat is so low that the flood water of the Blue Nile rLuug rap- 
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idly ponds tisiek llnit f»f \\liile und so lonpf ss Uie former is 

Iiisclijirising more ihun ISlWX) cubic feet i>er sceomi \mt little of the 
White XUe water pa5S5e8 fonvardj it flixids its own valley, forming 
a reserve supply* whicli tlnnns olf in Xovcnil>er and iX^cenUjcr, Avhen 
the level of the Blue Nile has fallen. Unis the eqatiitoHul pliLteai] 
has no elTeet whatever on the IIcmmI in tite Xik \''aJley north of Khar- 
toumt hi.it fiirniaheft ihe bulk of Ihc lr>w-Hiagf! j-iipply. 

From Ivliortonni northwtird the disi*hor|to lUagram takes a wholly 
did^etetit farni^ for the Bltie ^iJe is fed by llie niins of Abyssinin* 
whjeli are slrietly limited to a short season, imd may iirpiisidered us 
almost re*?!rioted to the monlhs offf nne^ July, ami Septendior* 

in w]iich If) pc?r 00111^ P^^r cent, an per cent* and in per e<mt of the 
ycjir^a raiiifjiU cx^nOj roaia'etjvely, 0 >nsef[Ueiitly ttie river risa?,^ 
rapidly to its inaxinmiii level, which it retiehes nt the lio^innin^ of 
Septendjcr, ami then falls Jilmost as rajndlv. The Atham is sitjsplied 
by the same rains^ and has a similar n^giineiu biiL fullri soiLu-what 
earliei% so that the niuxituimi level Eit Wadi Haifa and Aswan is also 
reocUed in mi average year at the bogisiiutig of Septendwr, 

The \\ iidi Haifa diagram shows the resultant elTeoL of tlie two 
sources of stipply—the Blue and White Nile^ At the beginnitig of 
the year the discharge of tlic Blue Nile huH iliminbdicd to a ver%' ?;mall 
amount; the Sobat is furnij^hing a considerable supply to supple¬ 
ment the con^unt volume delivered by the Bahr el Jelic^h nml to in- 
creoH? the water which liad l>een sfortHl in the Nile Valley^ and 

w'hidi is now rapidly rimning off. Fmni this time until May the 
volume of the Blue Nik and that of the Sobat deei\?ases rapidly, the 
w\^tcr itorcil in the Wliite Nile hm draiived otT hy the end of tlamiary, 
and all (luit is iivalhible for Xiibiii niitl Kgypl is the water from the 
ef|uutoriul |jliiteuu supplemented by sucli small supply as ihe Sobut 
dtul the Bine Nile may still bring duwiu as well ni* by a n^rtain 
niiioimt wdiieh drains iKuek into tJie river from the floral ]daiti£» iiiid 
the .Nindstone wliieh funus tbe valley edik^ This tljvn is die time of 
Kgyprs greiiteKt iieetl, and iiicivasiiig cultivation has necessitated the 
eon^tmetion of iietiiTVoirs ami regulating dunis hy incnns of wluch 
the Kurplus water ^>f Novemljer and Tkeemlxr can lie stored up and 
supplied during the ixrimi of delieieney wdiich lasts t[trough iluy, 
June, and ffnly. It is easy to see now- what will cause dehcieucy in 
the low-stage supply, since that wdiich arrives from the equatorial 
plate4iu is eonstani througUout the year; weak rains in Abvb^sinifl, 
whicli end earlier in the aitturnii than usueiK will caiisie the J^ijImiI and 
iho Blue Nile to fall to their mimmum early in the spring months; 
the low lliaxi w'ill have held up Iqsg water in the While Nile Valky, 
a Irsss thickness of alUiviuni in the valley will h^vc lx*eii satunitecl, so 
that the viirinble sourc5«i of supply will l>o much rechieed. If sueh 
Ss:iD2—AM -32 
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n stnte of things occurs in yearH. ihe av^^ragi! Icvijl of the 

water tiiblc in the valley will fall, luid this silso will act prejudicially* 
liistory ret^orJs that on more Ihari one iiccfli^ioii the Nile at Cairo was 
so li>w that it could forded in the eorly ^mnier^ which vans doubt¬ 
less due to such a ehniu of canws ns that alxivc described^ assisted by 
stidi li dktrlbiition of sandhunks at CaiiH) as allowed tlm water to 
spre-ad over a wide la?<l wdtliout furniing a doGnUe cUurinel; for stries 
of low fliwls due to weakness of the Abyssiniuti ruins are common, 
hut a tUmiiiuLioii of tlie water of the river to such uii extent has rarely 
l>ecn twordtsip 

It will Lm‘ that, wdtli such a reduction of the water supply iti 
the first half of the jTar. continnoMs riiltivatioii of the arable land 
was impossible ijotil engineering works liad l>ei?n constructed to nit^ 
the level of the water sulfioienlly for it to flow" into I lie i>eretiiiial 
supply canals, and until rc^^ervoirs existed in which the surplus water 
of the autumn could storcrl for later use* Previously I ha 1 !o<h: 1 
water was led on to tlie fltHxl plains by canals, so that it might there 
clei>ofiit the silt which it carried in susjtiengion and souk the soil in 
preparation for the crop which was to follow; on this newly dep<K3itcul 
silt and the water-soaked land the sc^id was sown after tho flood 
water had drained off* Uind in Egypt which was not watered by the 
flootl could nut be cultivated fur fiat year iinle»s it was situated on 
the bank of the river* or wells were sunk in the alluvial jdaiii so that 
the crops could l^e watered jirtifunally. Hence the flood was all- 
imi>ortant; and ono that did not reach the rvriuisita level cause<l 
scarcUyj want, f>r even famine. Modern skill liaa greatly changed 
thc^' natural conditions until the wlude of the delta, and a larpc part 
of the valley north of Assiiitt n^coive water ihrOitgUout the year w ith 
the aid of the regidaiing dams at Assiiit, near Cairo, and at Zifta^ 
wliich ciialde the water to be turned into high-level canals; the Aswan 
re?^rvoir furnishes a s^npply at tlic !^^iasqn when the norttml volmne 
of the river k insiifllcieiit for the clemanda made iipmi it by the pret^- 
eht atnotiiiti of cultivation. FiiiullyT the regulating darn which is now 
being wnstructed nl Esna, in Upper Egyptt will render it possible to 
turn tho flood watni^ on to the higlier hinds in the province of Qeim 
which are not watered by u low^ flood, and so injure their yearly 
nihivatiuii. 

ilan has thus so altered the conditiom of the Nile supply that in 
future the flood w ill no longer have the same preeminent importance 
that it has hitherto enjoyed. At the time of full flood there is alw'ftvB 
more whaler tliaii can lie utilized, and now the Esim work >vill en¬ 
able tlie high land to be Howled even in years of deficient supply. It 
is the low^'Stage supply on which tho cotton crop depends that is now 
most anxiously studied- If the rainfall has been heavy and conse¬ 
quently the flood has been large, the springs in Abyssinia provide 
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tiions TYfltpr to the Sobnt nnd Blue Nile, nnd these two veriAble factors 
in the Igw-stagc supply eiippleinent elBcientiy the volume of the 
l\liite Xile; if the rains have 1mm wcnk or have earlier than 

usual, the spring's will diuiinisli earl)\ and the Sohat and Blue Xile 
will give but little help in the early months of the year. It is under 
these cf^nditiorig^ when (he flood of the previous stitntncr luis been 
deficient and tljo low-stage levels are abnornmlly lo\\\ that the rain- 
siorms;. which occfisiomdly break on tlie Ab^'Bsiniaji plateau from 
Novetnljer to March, are of ineslimiible value. Their imixjrtance has 
hardly l.ven generally recognized ns yet by those intemited in Egyi)- 
lian tigriciiltiircj but the investigation of the nieliMjralogical conditions 
on which ihcsa? stonns depend is being actively prosecoted, and ob¬ 
servations from the Xile basin and the surrounding countries are 
being studied. ,Tbe winter of 1900-7 fumiabes an instance of the im¬ 
portance of these winter rains, ft>r after ji lliioil which was 30 per 
cent below the average^ rain in Februnry and Miu-ch increased lha 
volume of ilie Blue Nile so as to raise tlie river level snflicicntly to 
convert what would otherwise have U'cn ii very deficient sumnicr 
supply into one which was snlScient for all need& 

Ibu-iisg indicated the geographical piienomena which characterise 
the Nile Basin as a whole, tile peculiarities of certain portions of 
the river system may be examined. 

On the equatorial plateau, where rain falls during the greater part 
of the yean vegetation grows everywhere liixurinntl\% and man can^ 
with little exertion, cultivate as much as is necessary for subsistence; 
slreamH flo^v in every valley, imd lot bit at ions ara not iieces^irdy 
restricted to certain areas. Under such conditions of a nmdenttely 
high temperutnre and plentifi,d prctupitatimi, the river system iU>e3 
not Influence the distribution of uniinid and vegetable life, nor the 
habits of tlic inhabitants, to the same extent that it does in more ariii 
regions* 

On leaving thr plateau, however, and following the Nilo north- 
ward, leave behind ns the proiructed rairn' season, and on 

the plains which stretch away from the foothills rain falls from 
May to Scptejntier, while the winter half of the yesir is almost dry. 
The annual anioiinl of iirecipilation, w hich near tlie foothills reachcii 
no inche^s decreases rapidly as we go northward, and at tbe mouth 
of the 8ohnt (lat* 1^® 30' N.) docs not exceed 30 inches, and we find 
that near the Bnhr cl Jeliel the. three* comlUions of a warm rlimate, 
an almost level country, and a moderate rainfall, followed by u dry 
^son lasting for six inontbst have caused tbe peculiar character of 
this ixvrlioii of tbe basin. A ridge of granilc and gneiss of no great 
height extends in a northwesterly direction fmni about \Vadetail and 
down its northern slnpe flow the stiranis wliicb empty tbeinselvcs 
into marshes occupying much of the low groiitid; to the eastward the 
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pUiing hffive n grefttcr tstontf fliid rrjicb from tlii; latilmlf! of tionJo- 
koro to the ScJjut Riv'cr, broken only and there by a knoll of 
granite. In the rainy geiLSon thc^ plains are flofidvd for tuile^i, i^d 
the water is filo^vly ilruined off by the meaiulering chuntiela which, 
half chokeii wilk rank vegeUilicrtL nilon] an inadeqiiute osenpe for 
the water, of whicli a hir^ proj>qrtiun is rcnioveti Isy eviipomlion. 
ITie Bahr el Jebeit wliidi reteivess w constant supply from Ijiike Albert, 
inaiutuinj^ iiri open chuiiiiel iind u steady thruiigliout the yeari 

many of the ollieni, which are hunk full in the siimrrior inonth-^ soon 
fall iis the rain diminishes, and by tlie winter coniiLjt for the luos-t 
|Mirt of almost stagnant ix>ols. Between these .slminid the connlTy, 
which is largely floodctl in the rains, can only Ik cmsseii witli ilifli- 
culty in the dry seasoTi on account of tlic lack fif water. 

The marshes of lUe Bahr el Jeljel and the Bahr el tIhazuU tliongli 
very extensive, are not so vusi as they were formerly represented to 
U?,"aiid those of tlie Bahr el Jebel in particular have h^ti nnicli 
ted need by the results of recent surveys. Hi is river Hows in a very 
shalbw valley from 5 to la miles w ide, in whkli at flood time the 
water in the lower reaches is on a level with the surface of tlio 
flood plain, and even in the upper reaches is hut little hcloAv it. The 
abrupt change from the steeply sloping bed ulxive Gondokoro to 
the level plain below it causes most of the suspended mutter to be 
deposited in the upjjor reached and little if any se<liniontation h yci 
tjikiiig place ill tUe middle and low'er reaches^ Coiisequeiitly the 
sides of tile HochI plains are still ticciipied by large lagoon?^, which 
lire filled in the rainy i^iison and slowly cvafK^rate during the other 
half of the year; former Iwnds and tiraiiches of the river, which 
changes of the main channel have left as iiwkled depressions, stand 
full td water and furnish suitable places for the growth of papyrus 
and other marsh Yegetatioiu Five hundred miles of such a marsh- 
grown valley enn nut only take the rainfall of M to 35 inchc?s which 
falls on it, but ran receive also all the w’^ater that flows out of the 
main fitream by mimerons ijriinrbes and side channch; much is taken 
fip by the denw^ growth of inat^li pluiiis, and the dry winds which 
blow from Xovcmljer to April olf the parched pltntiH of (Vie Sudiin 
rapidly carry off a vast quantity of moisture J thus it U thot the 
irelding of the volume dischargiMl at f}ohdokor4i in the rainy sejiiMjn 
ho^ no elfeet on the volume which leavi^s the river to join the Wiite 
Nile at I^ike No. Tlie dcseriptiuns of the vast marches, the rank 
vegetation which blocks I he river la-tk the difficulty of rccogtiisiiiig 
I lie true river channeli Imvi^ given rise to an im predion that iho 
Bahr cl Jebcl has uu defined lierl, but ie a shallow stream losing 
itself in the lagoons. But this is far from I King the general case, 
for all the rivers of thi?se [dains excavate for Ihemselves wclbdcfine<J, 
festecp-sjcled diaimcb in w’hich they flow. The difficulty of recognlsi- 
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ing tlieni due to Ihe fuct tiint they ulmOfft at the same level 
as their flood pi□ ins. and, being frw from snspended matter, ate not 
ImTiding them up. Comiitions are therefore favorable to the growth 
of mai'iih vegetation, vrlnrh e-vtenib wherever the water reneheif, and 
whidi is often able to choke tlie smaller ohnunels by its growth. 

Ill sitch ccmfitry the inliabitantii are natnmlly httuters utid fishers 
or cattle owneni, only a very Hiniill amount of gromul near Ilia vil- 
lagt^^ biniLg cultivated. During the rairi-H they move witJi their cattle 
away friiin tlie rivers and marshci^ to higher ground between the 
lira ilia go linens, and later w'hen the wells and ponds there dn* up they 
reliim to the rivers tind the larger lagtiniis. 

In the lower reaelies of the Bahr el Gha7.al and the Buhr el +Tel>el 
the flcMid plains lie lower, and tlie marshes are inimdaletl for a con¬ 
siderable part of tho year, from June to Lk^cerntjcr; but tlds is cliie^ 
not so much to the h^eiil rains ns to »he fl^iotl in the ^^obat Itiver. Tlic 
cinmtry is Iutp so flat that the rise of w'nter level of 7 or 8 feet in 
the Sohut at flood stagie the water level upstream for many 

miles in tho Wliite Xih'j Ruhr el unj Bahr el (tha?!al rivers 

imd in llieir lugfams; this facilitates the ilefueUmcnt fn>m the lK>ttom 
hy storms of wind of the plants grt^wirig in the iiiarsduf^^ IVhen 
nni.'e set freCt these nia^^ies of vegetation drift into the main river 
chaimeb wliere they may be arrested ut a narrow part or ut a sharp 
bciul. More masses are constantly arriving, and j?oon the block 
extends acix>ss the chauneh und in tinie may nnnpletely rinse it. 
These sadd-hlot'ikK hiive oc<rnrred priiici|ially in ihe luat hiiiidml 
miles of the Ruhr el Jebel imnicdiatcly above l^ke Xo, u few only 
hu^'ing Un-n formed near fThuha 2^ ha tube, wrhere the w'itle marshes 
in which the Bahr el Zumf take; itj?« rise cause a rise of the river 
level of the Bahr el Jebel in the ruiny season, and ^ fadlitate the 
setting fi™ of the gni^, reeds, niid water plants which may then 
fonn the sadd-block. A rise of water level in the lagoon.s is there- 
fiire an imi>fjrtant cause of sadd-bloeks. while stormy weather and a 
narrow meandering river furnish the rest of the necessary conditiomu 

In the Bahr el Ghazal marsh region the rivers are for the most 
part shallower, mid the vegetation which blocks them is oftenef 
growing on the bed of the stream than tlrifted into it as loo«e material 
tlerived from the lagoons. But for all this region from Meshni el 
Rek to the mouth of the Sobnt, there is no doubt that tho flood in the 
latter river is tlie important geiigriiphlcul factor. Although the 
rains cease on the Abyssinian Plateau after iSeptoml^er, the level of 
the Sohat in its lower rwidns; slowly rbes until the end of November, 
and only licgins to full toward the end of Dectanber. This k due to 
the water which AckhIs the plains to the south of the ^obiit. throughi 
which the Fil^ir River flows, llile.^r of country [irc flcHalcd to a 
depth of about 2 feet and arc slowly drained oil into tiie Sohat m 
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the supply ftoni the plateau dimhushes^ so tlint the level iR the! main 
river is nu^iiitained. The effect of the Sobat h felt even ns far 
ns ileslira el Kek nn the Bahr el Ghazal^ for here^ too, the variation 
of tlie water level follows tliat of the Sobat exaetiy in rising very 
slowly {rtmi June* in littiiiriiiig its maxi mum level at the Wgi titling 
of Decemberj and in falling rapidly nt. the end of tbut month. Tlie 
elFect of tills regimen on the disclmrgi^ at Toiirikin ii™ shown in lifit- 
lire 1. 

The Sobat^ wbirh rises on the iiotitbem fjortbrn of tiie Abyssinian 
Plateun nt an altitude of siome T*000 feel, descends very rapidly to the 
low-lyiiig Sudan plainB^ through which it flows in a well-defined 
rliruineh The sloi>e here being low, mo^L of the sua^jcndcJ material 
is deposited in the middle reaches^ to form sand banks vvhieb render 
navigaEkm dilfieuH at die low i^tage. It is rhanioterizcd by the late 
Tnaxiimini level which has been already alluded to, and whicli notably 
augnicnts^ the volume of waLer available for Egypt in tTanuary and 
February* 1 ji April and May its supply is smaiU but in favorable 
yeam it is a valuable addition to the Wliile Nile, which iiiay lie in- 
CTeased by Ilooil waves, due to aceasiuntL] winter raiji storms falling 
on Llui plateau. 

^Vlthongh die country of the Bahr el pTebel and the Iowtt Sobiit Is 
a v-ast plain liiiving a very sliglil inclination* the flattest tiorlion nt 
I he Nile Valley is tliat between the mouth of tlie 8obat nnd Khartouim 
Here* the river fallp, at low stoget onl}" i^G feet in a distance of r>lo 
miles, or I in lOT.OOO, wiuivalcnt to little more than half an inch a 
mile? at high s-tage, wlicn the Blue Nile has risen feet, the water 
of tlio l\liite. Nile is held up ^ that the ^vater slope from I'aiifikia to 
Kluirtoujji ia only 11 feet in the same diatanoe* or 1 in 255,000* which 
ciMTc^ponds to about a quarter of an inch per nide only; but this slope 
cjcciirs in the soutlipm iiortion only, for from Eenk to Khartoum* a 
distance of alK>iJt JlOO mih=>^3, the river presents n level siirfaccj anfl this 
jjortinn of die valley is a vast rt^TVoir held up l>y the Mood water of 
the Blue Nile/ 

The river bei'e flows lliroiigh a vast plain, with the low hills of 
Kordofflti on tlie wfwt and those of the center of the (je^lra on the 
east, which divide it from the luisin of ihe Blue Nile. Both these bill 
tuass^fS consist of granites, gneissiesj and other crystalline rocks, rep- 
re^nting tho worn-down stiiinp of u hill range which in former thm,'^ 
was of nnicli greater importance; long^continued cHjsjon has worn 
them away, and slreains have distributed the material to fonii tlie 
alluvial plains of the White Nile. Dr, these ivimiberless herds of 
rattle and sheep are raise^l by the tribes wbidi inhabit them, and hi 

“Tlio luafiltuatUBJ of ih* Nile. * JoarnaJ, Ja|j. 
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muw ports 0 c>i\siJenibk* croji^ ttrt* raisi^J in thp niiny season; hnt the 
raitifnll rapidly diminishes tve move northward, and at Khartoum 
it only urnoutits to about 4 or 5 inches miziuallj, which 111 Is in the 
four uiontJis June to Septemher* The remainder of the year being hot 
and dry. We have now loft the thorn forest and the saviinnali tyi>e 
of country zn which the guni acacia prudoiwmates, for north of 
hilktide IG^ even these hocome nii-e, and we eider the rainier desert 
of northern Africa. 

At Khartoum very dilTeitMit condilJoLis are eticountered> not only 
d<M?s die rainless region la^gin ituineilLately norih of it, but The heuvy 
niinfall of Abyssinia furnishes the Itoml uf the Bine Mlo which Iwth 
waters the lower readies of the river and carries down to tJicm tl^e 
red-brown silt wkieh forms the llooi! plains of Egj'pt^ ITie great 
voluiiie of tho Bine Kile flood, ns conipared with tliut of the WTiite 
Nile, has already been alluded to, ils well as ocourmice during n 
nfiori season of four montlis in the Hnnuner.® After leaving the hills 
of Abyssiiila the Blue Kile llow^s iti the ehaiinel which it has emleJ 
in the ullLiviul depf^its >vhich overlie die cr^TitallLne rockn of the 
region, and tlie banks are of siilEclent height to prevent the floixUng 
of die lands vvliidi Ixnder iL The sloja* of the river at low stagp is 
about I ill SljOOG Ix^iween Fazogli and Itoseirvsj hut decreases to 1 
in 8,000 lielow the latter place. It is highly pmhable tliat oii die 
whole the river is slowly eroding its lieil iis the nitaracts Iwlow Ber- 
lier tire being worn away* but the chmige of slope between Singa and 
Sennar is very reniarkable. Here the s1o|h^ ih only 1 in 10,000, wdiile 
ypstreaiji of this reiicli it is 1 in 8,i^00 and below it 1 in 0,100. Since, 
so far as is known, diere is no ridge of hard rock at this jioint to 
account for the change of s1o[h;t a gii^duul warping of tJiis ]>art of 
the cutintry iiuiy he the cause, and the extreme nieandering of the par¬ 
allel streams, the Eiilnid and din DindoVt in the same region givers 
^mc support tn the liy|iolliesi!;^^ 

Below Khjirtonm die river enters the region of tlie cataracts, which 
are genei'ally de.scrilxHl as being six in number; but this is not strictly 
ucourute, for one portion, which is but a deep and narrow gor^, 
included as the sixth cataract, while, on the other hand, die impor¬ 
tant series of rapids which occui- iinmetliately doAvnstream of Abu 
llanicd are ignored* At no point is there any eonslderabfe vertical 
fall, but each sf>-called ^cataract’- consists of one or more series of 
rapids, in which the water slope is from about 1 in %00Q to 1 in BOO* 
III every case the rock channel Is formed of granite, gneiss, or crys- 
tailjtie schist^ which Lave u^riially been greatly cruslied by earth 
inovementa, in conseciueiice of which lines of wcakne^ havci been 
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develoiMdi, thus determining the directiun of the vnrLoas water 
oharmek. which often follow the line of intnjMve dikes. 

As liie river has mi its way ilown through the overlying isandstone 
of Cretatjeoua ugu, it hiis met with purLion^ of llie uneven floor of 
crj^tulline txKikA on wljieh the sundfstone was originallv dciKMited, 
and the [xisilion of these rockj’ ridges has ileferminrd (he position 
(if the cfttnnuHsj but the directiotiii atiij potiiliorLH qf tlie water chan- 
iHilSj and nf tiH=^ dilFervnt rapids, lire due to the structure of the rock 
JiiiisSBs themselves as they now exist, after Uie eruslung and disloin- 
tion to which they have been subjected during the pn-st history of the 
continent. 

Upstream of eoch of the^ outcrops of harder rock^ which form a 
series of stejis down w^hieh the Nile there is a reach of lotv ^ojie, 
ubouL 5 or G iticiics |)er mile^ in which the river Hows piaqiilly ttiruiigh 
the sandstone regions in the nam>w alluvial plain which ii has de- 
pfjsited during past centuries. Tliese biirriers of hard rock fseemed 
to pramise suitable sites on vvhich masonry dams might l>e erected 
f<^r the purpose of storing the additional water which wai? ncediai for 
the irrigation of the cultivable lands in Egypt ? but a surv^cy of the 
whsde length of the river frojii Kharloiini to Wadi Haifa, and the de¬ 
tailed examiiiatiun of the thive reaches which offered nicest profif>e(rt 
of storing till? neccssar}*^ cfiiantity of w^ater, showed that rjowheiv was 
ihcrc u site offering the advantages of that at the A?uvan cataract* 
while in snore thsm one of the sites examined the n^ks had lieen so 
ertsshe^J and fissiired as to afford hut an unsafe foundation for jjirge 
works,^ 

P'ifty miles below Kliarmuin the Nile, which has Wii flowing 
through a sandstone plain, enters llie Shabluka gorge, which is 7| 
miles long and ciitH dirt^^tly tlu'ough the hill mass of this name. This 
is comtiiotily L'alled the sixth cataract,but the total fall of the water 
level at low’ stngi- is only 28 inehi;^ in this length, and it is the rush 
of the whole river throngli a deep and narrow chaniud which causes 
the tmnbied water and suggests a wteep slope; the depth is very gn^at, 
licing as much a-s 100 feet atone pnint in ili^ middle of the gorge in 
iTaniiary, and 80 feet at anoLltcr point near the downstream end. Tt 
k very remarkidjlc Umt th» river should have taken its course through 
(Ids Isolated lull mnsa of crj^stiillinc rocks instead of excovsiing a 
chaiine! through the softer gneisses wdiirh now form the low ground 
nrcmncL Thk t>oint demands detailed investigutiem, but there is evi- 
dctiCB that the gorge existed in some fortii ut a very remote period j 
that it was filled wilh f^ndstone in Cretaceous limt^Sj and that in the 
moderti en^iiicjii of the country the riwr liEts reocetipied the undent 
gorge by excaanting the j^andstone which filled it t further exurnina- 
tion, however^ is needed before this question cnri lie coiisidered as 
finally tattled* 


^IlhHKii^n fippati, IMS.—Ljfflni. 



DuMAjH UPPtH EkD of FoUHTH CJ^TAl?^OTi 
















( 



4 PpHTiOH of HaMHEK CATAFtACT, 
















OECNnit^PSTirAL ASPECTS OF THTE —^LVDXS. 


495 


The next catjtruct, the fifths l»ginH iibout 30 miles below Berbert 
nntl con^ist^ of three or four separate groups of rapids. Together 
with the intervetiiii|f reaches of low siopcj they occupy nearly 100 
miles of valky, in which the river descetids SS feet; beyond this a 
reach of low slo(>e for 30 miles extciida to Abu Hamed. This peach 
M])strcam of Abu liained Kceuicd lit firat to olfer many advantages for 
a reservoir, but ii detailed survey showed tliat the valley opened out 
widely at I he nod hern en<l imtil any ecoiiouiical storage of water in it 
I KHtitrie i I n p ntet i ca \ »k\ 

Here the Nile inulo'^ its grt'at Ijeiiil to the westward, fl<iwingat timea 
even southward; but ihueiiitHt^^ which Jeterinined this in the past have 
yet to lie foniKl, oJid careful examination of this [Kwtion of the hiiMitl 
is nctrded to lead to a ^4olutia^L of the problem. From Abu Homed to 
Merowe, a distance of 150 miles, the river flows principally over 
cryKtplline roots, and rapids occur freijucntly at short, intervals. In 
Ihe first ir miles the river fiilk GO feet^ and afterwards follows an 
irregnhir course thrmigb tliese rocks for another 125 miles before 
reaching the heail of the fourth eatarcict at Shirri Island, 10 milc?^ Im’;- 
low which is Merowc. Shirri Islimd was spiTlally esutnined an pos¬ 
sibly providing a site for a <laiii, but the valley l>elweeii this point 
mid the cataract at Abu Hamed wtis not large enough to contain tlie 
neccshuri" volume of water. (See pL 1.) 

A long rcadi then follows, in which, for UK) miles, amdstone nick 
alone occult on either side of the ailuvial pkin^ and it is not until Abu 
Fotmiu iO mites north of Dongohi^ tivafc the third ciitaracL commences. 

From Lilia ra>int to IVkdi Haifa the mpids, wdtich are collaetivel^v 
grouped as the third and second cataracts, occupy a great part of the 
river's course. In general character they have uiiich in common with 
each other and wUh tliose w^liich have i>eeii already mentioned, but 
each has peculiarities of its own, which, however, exceed the scope of 
tlie present pafier. The erosive action of the mass of silt-laden water 
whicli pours? dowm them in fliMal, and which amounts to nearly half a 
cubic mile of water per diem when the river is in high tlood, has for 
mauy tfiou^nd years lieeti wearing down live rocks of these rapids, 
and carrying the materjal to the delta of Egypt and to the sea* The 
character of these rapids tiiay be well sc^n in various psrL^ of the 
third cataract, and among those Avhich occur Iwtwccti it and the second 
or Wadi Haifa cutaract. At Hannek, in tho third cularact (pi. 2), 
bands of granite traversing the gneiss, which forms the fundamental 
rock* give rise to obstnicliops to the river^s flow. A point at the up- 
jwr end of the Dal cataract seemed to offer certain advantages as a 
dam site. Here the rock is a granite, which has been highly crushed 
along certain lines, leaving tmcriished mass^es as kenicls in an envelope 
of gueias; the result has la^eu io form a number of atuall clnngateil or 
roiindeil islands of granitej l>etwecii which the water has eroded its 
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L-bjiiiiLeld ill Ihe syftui- gneiss, (Sei! pL JJ,) TIitM^G rocks vary greatly 
\ti the resl>tain:ft wliicli they iifTcr lo erosion, aiul while depilis of 15 
:in(l 20 feet were found at low stage in ceriuiti diatmeis, at oLher 
points not far ilLErtant deptiis of €0 aiul 70 feel were not luiconunolif 
nml at one piaee a tleptii of as mticli as 130 feet w as recorded, Agtdn, 
nt the Atiri rapids, south uf Seiunn, an intemiixtiire! of granite and 
schists is die cause of the unequal erosion wludi has left the rocks and 
islands of the harder materml to obstruct the fairway of the river. 
tSee pi. 4,) At Senitia, alxiut 12 mile.^ above the second calonict, 
inscriptions on the rafe appear Ui show that since 2000 B. C. the river 
Ifcus loiivered IkhI by [tlx>ut 27 feet, and recent excavations in Xubis 
iiLso indicate tliat, since the time when predynastic iinin inhabited die 
valley, tlie river level lias fallen 3 donbtlui^ in consequence of the ero¬ 
sion of the Aswan catarucb wliilc the existcnco of terraces of water- 
rolled delrituB at several levels in the side valleys furnishes confimi- 
alory evidence vif this, 

"niroiigboiit this region a narrow valley in a rainless climate 
otfeiXM:! little opportunity or encoiiragi*ment for u popnhuion to de¬ 
velop ami thrive. In iho semthern portion ^ifficieni rain fall^s in the 
form of ail mil jer storms to enable llie nomad Arab to find water and 
forage in the valleys sulBdent for hiiinkVIf and his fliwks, but in the 
Jiortherii part the ijountiy is too inhospitable for him to do more 
than move through it between the fertile valley of Egypt and the 
Sudati region of tlic tnon^n mins, except among the hills which 
IwrJer the Eeil Sea, w’here water b more plentiful. Here and there 
in the dci^ert are wells and in the El Kab depression, to the west of 
Dojigola, water is found at a shtnt distance from the surface. The 
origin of this water is of much interest; but as 3''et verilieil facts are 
so few that we are left to riioase between several more or li?ss probable 
hyjwthescs, U is, however, certain, from such nieosurements as hove 
been made, that there is a considerable loss of water lad WHwnKhai^loum 
and \\ adi Haifa in lloud, which is greater than can bo nccuunted for 
by evaporation, lUich of tiib water nnikes its way into the allu¬ 
vial HochI plain, and it seems more than probable that it also perco¬ 
lates into the porous Nubian saudatone. In the rainless Nubian cli¬ 
mate the uiiilergrniind water table must sIox>e away fmm the river^ 
anil diis ivater niiist find its w^ay into the lower li'iyers. In default 
of any accurate levels or Imringa in the desert, no more can he &3iid at 
present, but the observations on discilarge made at the A^wan dam 
shouldj when published, shoiv what loss takes place in this luanner 
in the Wadi Ilalfa-Aswan reach. It has, moreover, been shown that 
when the river level falls below that of the water table in the flooil 
plain, water droinsback into the river at low stage, and Mr, Craig “ 
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hni^ shown that this oiay amount to aa much as cubic feet fH-'C 

sacond bi4wecii Khartoum utid Haifa at the lowest ^tago of the 

river. the whole discharge is not more than six or seven limes 
this amount at lids = 04 tsoij, it k not an unimportant factor. 

The remaining portion of the Kile basin, consisting of the valley 
below the. Aswan c^turact and the delta^ dilfers very inurkeiily from 
the regionfi which have Ix^'ii refeiTed to. A valley of rich alhivial soil, 
some 5 to 10 nules wide and tW miles long, and a delta of the same 
elm racier^ now 3 upporl« an agricLiltuml popuhition of exceptional 
densUv, w'hich numbers on the average about hU>0 persons to the 
si^uarc mile. Tbk tract of ooimtry possesses very marked chanvetcr- 
ktics^ w-hich have undoubtedly affected in a liigb tlegree the customs, 
the habits, and the character of its inliEibitaiits, As a watered valley 
in tliie midst of an oljsolutely arid reglonj it must have l>een occupied 
III very early times+ and when the remabis of paleolithic man in the 
valleys and on the dei«;rt margins liave been more fully collected and 
studiedi it should be j>ossibIe to glean imiwrtant information concern¬ 
ing hii* cKOiipatiim of this part of the world. At that early time the 
valley was probably occupied for ihc most part by jungle and tiiarsh, 
conditions ajjproximating somewhat to thosse of the Bahr el Jebel of 
to-day, imd early niun may have lived on llie desert margin, tisbed in 
the river, its lagoons, and backwaters, and bunted and trapped ani- 
[ur]^ in the Jungle which Inirdcred them, much as the Diuka ncgia 
does to-day* Tlxe earliest rvptesentaliuns that we possess of the an- 
ciont inliiibilants show, in their crowns, their ornaments, tlieLr cere¬ 
monial dress, and so forth^ evident traces of their former occupations 
of liiinting uiid fishing before they became an agricultural people. 
As Ibe depusit of silt by the waters of the annual inundatiou contin¬ 
ued, tike Ijanks of the river would be gradually built up, the llood 
plains would cxteiid at the expense of llie lagoons, and land within 
reach of water wunli] htwunc available for agriculture; and from that 
time onward the yearly cycle of operationSj tlie iimndation of the land 
by the annual Hood, the sowing on the wet mud as soon as the water 
druined off, the harvest m the early summer months, and the period of 
waiting from tlien uuiil the river began to fall after the tiexii SIwhI, 
repeatttl it.mdf year after year and century after century without 
appnfeiable variation. 

In tlie rainless clUnate of this re.gJon, w^eather, as wo know it in 
northern Euroj^, may lie said to nonexistent—one day is almost 
exactly like tlie next and the one before it. The flood may be a little 
higher or a little lower than in the previous year; occasionally it may 
fail or be dangerously high, hut in the course of centuries these sliglit 
variations are of small effect^ and the conditions of life in Egy^jjt are 
excepEiaiiaiiy cDustant—a water supply with a regular ^asonai varia- 
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tiuiij uo rahifuJl, a warm climate in which vegu^tivtiou can grow 
throughout tlie yeur if the nwessnry water Ls HViiiUihle^ a rich 
alluvial plain on which water channels can easily lie formcil ; to these 
are to be added exceptional ftwdom from incumons gf immigrant 
mcc^ of greater power or higher organ!station^ To tlie east and 
wejaL lie (lie deserts which tlm>u||^oiit the Viistoric period have pre¬ 
sented u barrier which could bo passed with difliciilty by one or two 
cjiravaii mute!?. To the i^nlh tlie Nile Valley itself presented a 
]H>sMihlo [laians of ingress, but one which could be closeil,i and was 
only eJiiidaycd to a moilerate extent. The niardies of the delta 
restricted Iniilif; on the iiurch, and even the road along Sts eastern 
puargin to Byria^ which has Wii trodden by ntiincrons armies iKitli 
having and entering Egypt, did not oitcr exceptional faciliiit^ for a 
reai[y entry into the country^ Under thrive circumstaiiccH it is not 
surprising to find tliat the Egyptians at a very early period settled 
down to an agricultural mode of life; that they eai'ly perfected the 
ortliuary o[H‘ra(ionfi which such a life reC|iiirc?<l, aiid^ having done so, 
preserved lliem with but little change until veri^ recent timis* Simple 
metliods wert^ well suited to tlie unvarying conditions among which 
they li™lj anti lliere was no incentive or neccKHity which luigld com- 
jh ! Lhcni til rnmlif)" tht?nu This people furnishes in ii very jnarked 
ilegree an example of un organism giviwing in an unvarying environ¬ 
ment to which it had early adapted itself and its mode of life. 

To the geographer such a case is especiLilly interesting, and during 
recent years the iirGhaKilogie al exploration of tlio country has hruughl 
to light a stiire of iiifoniiatioti conctuming the ancient liih-fory of the 
Egyptians, their ciistftmst nnd their mode of life wliich may Lw 
jjmlitably studied in relation to their physical ciivironmentp But this 
is 11 very wide suhject, and I will only draw attention to a single 
aspect tif it which is directly coimecLetl with m}^ own w^ork in the 
coimtry—the incaKurciiicnt of the laiuL The antiuid Hood, rising' in 
July within a few do}'^ of the same date year after year„ and faUitig 
ifa OcU^lirr with eijual rcgnlnrity, has, from the earliest limes, caused 
an invarjulnlity in tlic field seasons which must have n:*acted on the 
character of the people. This unvarying cycle of their water supply, 
of dicir figriciilture, aiicl consequently of fhedr tlom^tic life, combined 
with the freedom from immigration which llie dtticrts and the delta 
Fwainps ioHured* laid the foundations of thut conservaLhaii of custom 
and diameter which the Egjptinii has always displayed. Nor has 
tills greatly changedT and tliorc exiiffes to-day iu every phase of 
Egypiian life traits which have come down from early times almost 
unaltercHf; thccxain|jlt*s furnished by the science of lanil measurement 
am as atHking as any tiiat wc kiiow^ 

As soon as any considerable tract of the country was occnpieil, 
attempt^j would be uiadc to control the river and its branches^ and the 
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nuturiil spills and liackwaters would Ijo improved to form canals for 
the piirpfise of Icmling the llorrfi waters wherever they were refiuirofl: 
llms the water would be auppltetl ahuig certain lines to the liiiid under 
cuUivatioiL und this, as well as the convenietice in plowing, would 
quickly lend to the development of the long, nurrow Imkliug. itl itrdor 
that the owners of small areas slioultl have direct access t« the water 
channel w'hich served them; the deSnition of the unit of area as being 
1 cubit hy 100 cubits shows thLs. 

The geographical factors of the valley determined once and for all 
a state of things which the surveyor, consciously or unconscioiLsly, had 
to take into account if his work was to be satisfacUny*, and it may be 
summarised as a tiarrttw belt of country where Iiohlings are unusually 
sutall and the land is of high value, being capable of supporting a 
dense population, but only in so far as the water of the Nile in readily 
accessible. 

The method, oiicc decided upon, would be rai^idly miproved nud 
developed l>y constntit prncticp. since the land had to Iw remeasured 
annually after the waters of the inundation had receded: for tlm 
whole country was at first under a more or less primitive form of 
Imsin irrigation, ami only the hanks of the river would be suilieiently 
high to he cultivated duritig the Hood season. 

Ah early as the hrst d 3 Tiasty (3400 11. C.) the measures of length 
wen* ill regular use, for on tlic Palermo stone we have tlie height 
reacheil each year liy the Nile flood reconhfd in cubits utid fractions 
of a cubit, while the stretching of the (measuring) cord al the fotinda' 
tion of a temple is mentioned. Every two years, a ‘‘ numlxiring ” of 
tlic roval possessions was nimh* throughout the land by the oibrials of 
the IreaHUry. and this would tie a sort of verifying survey. 

Alinut ;i000 B, C. ihe property of a liigh olliciul. Mothen, was 
leeorded on the wallet of Ids tomb ut Knqqiiru as haring been duty 
regia tercil to him in the royal arcliivesor regiHtrj*. 

Another of the lornhs at Saqqaru, that of a certain lltss, fumislies 
ns with information of exceptional intereiit. Certain Infids near 
Memphis, which the Pharuoli Amosis (15S0 li- C.) had miiferred on 
an ancestor of named Neshi, were, during the mbioril.v of lies, 
elainied by fl ccrtnin Khay us his propert.v. A lawsuit followetl. in 
whicli Khay produced false title deeds, whereupon Nvibnofrct, the 
mother of Mes, appealed to the official registers, saying. *' Ijct then* 
lie brought to me the registers from the treasury and likewise from 
the department of the grarinry of Pharaoh.” 

In later times, about 9(Kl or SiiO B. C., the register of the lands and 
springs in the onsis of Dtikhla is referred to in an inscription which 
tells of a law^suit concerning tho ownership of n spring t nineteen years 
elapsed before u dectsiuu was ohtuineil. Thus the owners name, the 
area of the property, its po&ition, and the tax due from it were regu- 
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lirly recorded, and, in tlie New Empire al leRst, dnpliaite registers 
were kept in Lhe treasur)* and llie royal g^^mrinr 3 \ Boimdnries were 
d|^scr^bcd as norlli, south, east, and west, without being any moi^ 
aetly definiNl, just iis in the Egj'ptian title deeds of to-day, and the 
Nile, the d^^rt, or the land of such and such n landowner were re¬ 
corded as boiJig situated on the confines of the plot refen-ed to* A 
noniarch of Asslut, al>out li C,, says that he irrigated by a new 
canal (lie highland which otlierivise could not be cultivated. The 
\"iKier Reklmiara, in his tomb at Thebefi, records how cases of dl!“ 
pulod otmership in land were to be dealt with, and all approved titlt^s 
registered, but unregistered claims, were ignored. 

At El Knb, in the tomb of Sebek-nekt, hind is dividefl into low- 
lying, of whidi there were twenty ^ thousands*'- and hind on the high 
ground (one hundretl and twenty thousands"') t the unit which the 
sign for thousand “ represents is 10 aroune, or about C.3 acres* 

At every period, therefore, of ancient Egyptian history, the land 
ita^ incasureil and recorded with cotusidenible accumey; jiropcrty was 
dealt in regularly, and an cklMiratc swdem of registration was main¬ 
tained. No map of landed property in ancient Eg)"pt has come down 
to U5j but on the tomb walk we meet with reprcs^nuiuioos of land 
measurers at work. Their methixlH of land tneasureinent an? repre¬ 
sented cm the walls of the tomb of one l^letma at Sheikh Alid el 
Qurna. in Thebes, a land overseer and inspector of the iKinndary 
stones of Amoo. The scene depicted feliown two eh a in men Tnetl^^n^iog 
a f!E:Id of corn with a long conL on which are knots or marks at inter¬ 
vals which setaii to be alHint 4 or 5 cubits in lenglli; each also carries 
ii spiiie cord coiled up on his arm. Beside them walk three officiakt 
who carry writing materials, and who are accampanjed by a small 
Imy carrjdng writing materials and a hag in which arc probably docu- 
Dw.nts and plans referring to the property. *\ji old man and two boys 
also aceompnnj the siineyoTS^ and a peasant brings a loaf of bread 
and a bunch of giwn com. 

A sunilar scene is pictured on the walls of a tomb Iwlcmging to a 
certain Amenhntep, also at Sheikh Abd el Qiima. Here onh" one man 
accompanies the chain men| each of whom, as usual, carries a spare 
cord. The figtires are larger than in the tomb of Meuria, nnd though 
they are now much damaged, it is possible to see clearly that the cord 
terminated in a ram's head. 

The statue of the priest Pa^n-anhor from Abydos and now in the 
Cairo Muwnm (Cat* No, 4J^7o). ahowri him in a kneeling position and 
holding a rolled-up measuriug cord, at the end of which is a muds 
bead* 

Of their toiwgraphkal mat>s two alone have ct>me down to us 
drawn on papyrus. One of these, which is only partially preserved+ 
represents the mining district cast of Qnft, and dates from the time 
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of Rntncscs 11; the ollwr is i)r»Vwibly a plan of one of Hw! mining wn- 
tcni h ing farther to the south, IVn ealleys run panJlcl to each other 
bctivwn the motmtwins. one of tiiom liemg covered with blocks oi 
Ktoiic and husOies. while n windmg valley unites them. One valley and 
a narrow i>nss are said to lea<l tc, the sea; the name of the plaice w^idi 
IS by the olher vjiUey is not d^qiiilieruble. Other 

fealiirts lu llie niop are the inonntains in which gold is found, and 
otheri whore it ta worked: a sanctuary of Anion, as well as miners^ 
Lousns ami a water lank or well, aromul which is shown n patch of 
ciiIlivatioiL are uitlicoted. 

Of iiccnralc mcasiireinchts on the groHiid we ha to muneroiia ex¬ 
ample? in the pvraimds^ teinpliss, and roirk tombs: the pyramids of 
Gmi furnish i^rhaps the best known ami most fully stndie.1 mstanccs. 

Not only were the Egyptians of these remote lin«« competent to 
nicasuTO land? and lay out large huildings. hut they had attained a 
verv satisfactory accuracy in leveling, and of this the pyianuds of 
(liza again furnish proof, llorchardt, in his paper on ** Nilmeawr 
und Nilstnndsinarken.-’« luldnces many facts in supi>ort of the view 
that thev carried out a Hue of leveling from the head of the della to 
the first* cataract in connection with the nilometers which were nuiji 
at every important town; and this, too, was done with a very fair 
accuracy, since the average slope fi-om the scales on these mlotoelcrs 
works out at 1 in UMO against I in 13.700, as given to-day by the 
levels of Ihe irrigation service. The iiislnimcnt used was o rigid' 
angled isosceles triangle of wood, with a plumb lino attached to tbo 
: it was doubtless used on a long womlcn airaight edge, which, lu 
its turn, rested on pickets, in tliia way leveling of a very fair accu¬ 
racy could be rapidly excciitwl. 

The principal unit of length from the earliest limes was the cnlnt 
of 20.h inches, containing 7 palms or 28 fingers, which was called the 
mi'ul cubit, distinguishing it fnm the short cubit of « paluis. 

For land, a measure of 100 royal cubits, named *' khet ” or khel-n* 
nuh," “ a retd of cord,” fottiied the unit, while the ustial itinerary 

measure was the ider, or scUcenua, 

The aTOas of the fields were reekoned in sqnare.s of the khet, or IW 
eoyn! cubits, such a sqUBre being called in Egyptian **set,” and m 
(im<k “ iiroura,” It was considered as being compiled of 100 strips, 
each 100 cuiiils long by 1 cubit in breadth. The divisions of the set 
or uroura were the half, the quarter, and the eighth, after wbidi tho 
cubit liecame the unit; but in late IHoleraaic times the subdivisions 
were continued to the thirty-second, and the 1 1 reeks carried them 
further, to the idxty-fonrtb part. A half oroura was also in use in 
late Egyptian limes, and this exeiuplifies the approximate methods 
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UbtliJ in computation^ for it was called rcnien^’* or thn upper urm^ 
This vroB a mcasiin? of ^ palmsH, wherenfi the roynl cubit nontaiiicd 7 
palms', m that their i)i|iiares eantaiuecl 25 and 40 "quan? piilius^, re> 
sjjocUvdyt or a proijortioii of nearly I to 2. At Aneiljn, a village 
nearly ci|>|>osite Ibrini in Nnbia. there are some tombs In which tlie 
extent of certain estates is represented by notched reetanglesv Each 
fmbdimion thus fonnioj reprrseitterh dcHiblle^^sk a set or aroimn Small 
areas, frtiidi as u well or tank, ^vere given in square eiihits. 

Thus, the imits in use in atieieni times for land uieasurement were: 
: 

Royal onbn, Politic.______ ai>.€ liiebiiA 

Klict (lOGeuliltHj,(?qoal&_____Si'anluL 

Aren: 

Sannre mbU, equals___O.^VC* Bueare jiinl, 

CuM t of lam\ 11 no Rquari- eiibllji \, e^ual p _ Hiuare a 

SetoranDura (lOOeubltBoriaad), equiilB_R.OSO square yards, 

Tlhi- “ tUoDBjmd,^ or 10 aroune^ eaaal6__JCt3 acres. 

In Roman time^ we have sovenil additional units^ Trliich are given 
inti pupyrijs (No.i>G0) found atOxyrhynchus (iJahnc'i^su) in lUOy^by 
Frofe^^ir Grenfell and Doctor Hiint^ and which dates from about 
200 A. D,: 

2 pnTmp make a 

3 Qti^kcn 

4 pntEUA moke a nC-t+ 

& pa Imn itiake a clutb-wmviir'a rabl L 
a pal ms nai ke a pubi Ic aud a uiriieiitcr's ciihlt. 

T palma make n nllomcter or roi. a I vnhit 
30 pfl lais make a ^r tlie d lataaco of ihv uii lj!areti!!Li>U fixpl^ 

^ cnblranEnlcca pubRcft^kfl^, 

4 cublti^iimkean4p^i'rdL 
1 cubltsiirmkom jfd^eoioi. 

0| rablta ouikc an dwiiv. 

40 rubllH ma kesn 

00 ctibba niake a wboMituQt of Innd mTve^iug. 

100 cubltB make a sctuealiuiD. 

The sehnuiiunif like the khet in earlier tiine^ waii the dde of the 
square anmni or set, mul ineasiircd iOO royal cubits of 20.tj inches; 
oritl the arniira eontained about square yards, or fiv-C'Ciglitlis of 
an nviv. But the papyrus just quotvil says that schmnium useil in 
land surveying was a square of 0f> cubits; fuse probable reason for the 
ohangii Iwing the greater convenience in estimitiing the thirty-sceond 
and other fractious uf the aroura. 

But the?e nieasureinents nm not those which an? in use to-day^ 
Tlmiigh the ancient meaisurf? of the aronm is referred to in papyri as 
lute aft the sistJi and seventh centuries, in an «-»Tiliic papyrus from the 
Fayum, datcfl T24 A. D-, the feilduii is usefl to define areas. It b very 
remarkable that the older measures, which hud been so long in use. 
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should l^>en within ft tiimdrcd Tears, nr other jupOi completely 
replaced by one of ByriB^n origin, which has rcmaiined in us© Cfer 
since. 

But little is known of the manner in w^liich land was classified in 
ancient Egypt, hut papyri, of Ptolemaic age, from the Fayuiii give 
full details of the system which then existed. There was vcrii' little 
difference lietwmi it and the pi^esent-clfty prnctiec. Private land was 
classed ^parutely fix>ni that of the govemiuent; canals and canal 
banks were shown s biid which hud deteriomtcil wus tmii-sferretl from 
one dftBs to anotlier^ in faett the meAFuromeot nnd it^^stration of 
land two Ihoiisarid ycjirs ngo differed but litll© from llie present pruc- 
tice. except that the uiethcKls of conipniation wem approximate 
instead of being exact; hut even this change b limited to the prei^nt 
surveyand bus not yet become the universal practice. 

In early hLstoric tiiuea^ hSgJ'pt was liirgely ngriciilturnl, but a great 
extent of mnrsh and Ingoon still ix^mained which was fto^xled an- 
niiiillyf and i^tained water to a gmiter or loss extent, ttiroughont the 
year. As time went on man controlled more und moiu the fli.Mid 
waters, and extended his cuHivaiiou as the marshes were silted up or 
dinined. When the whole of the flood plain was under niltivatiotu 
as well Hs the greater jiart of the delta, the annual flood was of para- 
iiiourii importance, and the extent t<i which its waters could be IciJ 
delermined the maximinii area which could be cultivatecL Now 
modem engineering sciciico has srupplicd wafer at all seasons of the 
year to lx>lli the valley and the delta, ko Uiftt the flood has lost its 
muxjrtancc, ami tlm low-stnge supply of the river Ims become tlie 
first considerutioiij m mudi so tliat heavy expendituf% is incurred lo 
augment it in ©very pussibl© way; the natural resources of the conn- 
try have been immensely increased by fully utilising n climate which 
favored the growrth of vegetation throughout the year if water was 
obtain Bble- 

fi« 300a—33 
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Ky [lAJTIKL l^PSIttLV -\lAC'rNn:CAL, 

trf iffttanUyil RrMtan^h, ImtitvtUm of WattMti(fion^ 


Tliv s^urfiice of the earth is inhiibitcd to-day hundreds of thou¬ 
sand's of forms of lifc^ which upon aiiii!ysis an' found to be separable 
into or species^ ^rith well-marked and clmracitcrjstic attrihutes^ 

which inay be Lrimsrnittofl from generation to generating The strata 
boneatli the surfaw un\ found to c^iintain the mnafn.s of thousands of 
utlior forms now e,xtitjcl, but which sliow certain general relation- 
shi|>s to the existing organisms. Tf we piece tngetJier the actual 
records and take the backward bearing of our infonnation^ we arrivo 
at a perifwl someiime within the last six htiiiiilnHi thousand centiiries^ 
when living mutter was more indeterminate in the fonns which it 
assnined, and was% perhaps, quite unlike any protoplasm we meet at 
tlie present lime- 

Frojii this primitive ^ibslance seriei of'organisms have been pro- 
dticed, whidij in the suece^ive fitages of the cnrth'5s history, show 
an increasing complexity a^s the pre^sent epoch is approached, and 
wdiich enihmee mure luimeroiis forms with tlie advance of lime. 

In this upward nicivemeut, this evolution from the simple to the 
complex, in the produetion of many from frw\ it is not to be taken 
f<ir granted that iiroloplasiu has been a perfi^t aukunaton, and that 
it tills nothing but siiccxssse^ scored to its cmlit in the ever-changing 
conditions it has niet since its Ijeginning. On the conLrarj", the sue- 
cession of its forms b a most ilevlous one, and by no mefin^j eitsily 
traced, Phylo^etic systems arc made up chiefly of iillowahk i^up- 
positions, and It is nllogether proliable that we do not kiuAv more 
than a fraction of the course of the zigzag, halting, and at tinier 
rewfding steps followed by living matter in its development into 
existing tyjies. 

Thus the mosses are ^n to have reached the ultimate development 
allowable by their morphological character, and hence are incapable 

“ Li?ctnre deUvered liefore Ihe EaraDnl Botaninil Ctnb. Columbia UniFct^lty, 
lawciiber m B'raiu The Moalsi for Jauuorj^ IDOd. Rear later! by iicnu!a- 

of tlie Opco Court PubUahlu^ Coaipanj^ with corr-ectloiia by tlie auUiqr^ 
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of any movement which will produce lilgher or liettor or^gnnlied 
Accordingly we may asifuitie tluai their existenco ii con¬ 
stituent of ilie tlnrn to be dooiued to n dimiiiisUmg importuncc- 

if not iinol extiiiction. The femlike plants are also exampleti of a 
gn?ut fihyUim of the vegetable kingdom which^ in the Carlumiferous 
I>eriod, lieing most suitable for the conditions presentj constituted 
the prevailing typo of vegelatiuR^ nmkiiig up pcrha()fl as much as 
thrive-fourths of the plant covering of the luiid. Tlieir ■organisation 
is one which promises nothing of advantage vcgolatively and repro- 
fhictivcly-i, and we are now at u time when we see Ihetw slowly but 
inexonddy ladug supplanttMl iyy siH'd-prtMltidng fnnns. 

Of the hyjiothe.‘k?s that may lie taken nion? seriously* one llnhl has 
even lately l>cen regarded with much favor, prcdiadiss that orgaiufans 
undergo iratisforniaticjtiM, nr alterations by iKlaptive changes in their 
orgons and entailed functioiia, aa a d intact react ion tti environ mental 
factors^ and the altered features ticcoming fixe<l and inhoritableH, I lie 
organit-TU rcceivc^i n lasting imprint from its habitat. Migration t<i 
new areas or changeil dimatic conditions might give opporiunity 
for new- stimuli auiil difTerent reactions wdiidi might, or might not, 
afTck^L tlmso previoiisly made. We need not at this time go into the 
intricacies of the arguments that cluster yUmt this main thesis or 
wrigli the evidence that Is ilrawn from I he [>n^rioe of useless^ ves- 
ligial, and useful eharacters in various orgimisiits. 

Popular belief In Iho inlhieniTL of envinjiiirient ami the itihcritaju^ 
of acqiiifcd elm meters finds its cfimmonest exprt!s.sioii in plantti 

liavc Ijeen cimngeii by cultivation/’ Dome^iiGded rtn^s are apokeii 
of an ‘"garden formsby Imtanists and horikniliiirists, with the im¬ 
plication tliat tltey ace sfHsdaliied lypt^^ resulting from the ellci'ts of 
tillage. .Xow, ^Hi far ns actual cultivation is concerned, this nssoimp- 
lion is withniit foiiiuiatioiu since at the present time no evidenc^j! 
exists to show that Ihe farm* garden, or nursery^ has ever pn>dii™l 
alterations which were strictly and cojilinuoualy inheritable, or were 
present* except under environic conditions similar to those by which 
[he a iterations were protluets:!, althoiijdi vague slatenients and erron- 
uetms geiierfiliKations to the contrary ant curmiit. It is t rue^ of cotirstv 
tlmt hlrLictuml and physiolugitail changes ihbv lie itidticed in a strain 
of plants in au3' gciieration. wiilch may |tersist in a shore to the 
second* or even in some degree to a third* hut no Iniiger. Souie very 
mip<)riant operations f>f the market gardener and the farmer arc 
ilepcndent upon this fact. 

Tlie possibility tliat permaTient idmuges might be induced is by no 
means to l» denied, and it is a fair slll>]t^ct for investigation* Actual 
t-videnre is to be obtained only by ohservaticms of lircndth under 
giiarde<l conditio us. LTntil thifl Le at baud all uHinuatLvc cuudiisioiiH 
mu be but mfei'cntial and suggestive* 
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Vicmisui, tlie somatic mMltiplication of btiil imports iind oxtrL^nje 
vumi»l)< from a fluctuating^ and the confusion of closely rtslnlcd 
olciiientut^' Hpecic^i form the basis for the ffreatcr iiuiubcr of tiiLstukeu 
assertions as to the ctTwls of cultivation. It is obviously nectewary 
to emmiiie all facts bearing upon the lineage of supposedly nifw 
forms, witJi tJie greatest care Ijefore their aspeeti or beliarior may be 
taken as evidence upon phylogenetic problems. 

Tlie theory of nnlural selection of im intrasiiecilic application, aa 
one of which netv foitiui might arise, is so well known that wo need 
not particulnrizo in dofiiiing its ramifleations. Briefly, it is assumed 
tliat, as tlie whole mass of individuals comprised in a species is in ti 
constant state of variation, the individuals which show features even 
the most slightly hotter adapted to the environment survive, tvhiln 
the less fit perish. Thus by infinitely small diianges during each 
genE;ralioii a species moves away from the ancestral type in one or 
more <]irectioiis until in the course of thousands of years the differ' 
eneci Iwconie .-o great us to be appreciable, and of a specific character, 
to use au arbitrary phrase. Thrive in-Hurmountable objections to Uie 
acceptance of tliis method as universal present themselves. First, the 
fluctuations exhibited by the individuals comprised in a S|>ccii?s do 
not in any known instance transgresss definite tncnsnrable Hniita, and 
do not depart from an asoeriainabla norm or average^ scooiidiv, Hie 
gradual transition of individuals from onu type to another, tliut i.s, 
inturgradiiig fums, demandwl by this tlieory, are nut found among 
plants; and, thirdly, although wo have preserved specimens and 
records of several species which cover tlieir history for many tliou- 
Minda of years, yet such gradual Iraiksfomiations are not observiible, 
lastly, it is to las said that it is estrcmely doubtful if the earth is 
old enough to have permittorl the development of the great number of 
organisms which inhabit it by this method. 

A sefsmdary idea that hiisljeen formulated in connection with this 
Rubiert is that of orthogenesis, by which the organism evolveti rudi¬ 
mentary structures purely as a result of internal'forcfts, and initially 
without reference to utility or to envimnmeiil. Tliejie rudimentary 
organs may, in the course of gem-raticuiH, was in sikc, undergo increas- 
ing diffenmtialion of structure, perhaps finally becoming siibfune- 
tiniiitl, fir even fully functional, altlimigh na^sjnt orgnna are not 
always suppo^ to attain this useful end. In support of this iheorj' 
it lias been pointed out tliut plants and animals sliciw manv Rt.mctiiros 
which, so far as our understanding of them goes, are wholly wUIioiit 
part in the life of the cffgatitsm. The piv'sent development of plant 
morphology, however, js one which is carrying us farther and farther 
away from the conception of such prefunctionul formation of organs, 
as tlie whole letidcmy of modem investigatign is to ploce the morpho- 
genio processes ntwii a physiological basis. Oil the other hand, the 
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urgiinietiL ihni the vnriattona of the organistus are iletortiiioatc,’" auJ 
ate governed by I be uiorphologicul jXK^ibjliti&i, is one wtiicli so rely 
holcla for any inctiiod of phylogeiietic procedure- Tiiu*i it neotU but 
the briefest ojnniion'Sense eonsidenitiori to show tliiit any given lyps 
of leiif or flo'ner cotild not ijossibly vary tntvard al] other typt^ 
only In the direction of certain forms not too widely differcnL 
A more explicit sUitinneiiL may prevent ii niiscDnccptinij, It hni^ 
lieeii held by miuo writers that variations und tnutations tbeoreti^fally 
follow' tliose already niade^ as a prnjeeUon of tlieni, or ii eontinuatioiit 
which carries the organs concerned successively and ever nearer some 
ideal form or type- Tliis h deiem^inate variation in its strielest 
t^euse. Oil the other lumd, it is argued that from any given stage in 
its development an organ may vary or mutate in any <lire€tion, lim¬ 
ited ^ of coursci hy its morphological possibilitiest and such alter at ion 
may lead the structures concerned in any given course from tliiit pre- 
vioiisly pursued. It need only Iw ^juid tliat to the experimenter the 
latter view seems to be tJie more fully Justifiable by the facts observed 
iu n Milo lions. 

FirstT it has been known for over hnlf a century ilial fixed forms^T 
constant in inheritance and self-muintenaDt^ therefore constituting 
s^ieciest have resultcil fcnni hybridiseatiou. The fcrliliKatifm of the 
egg cell of one species by the pollen of another often results in an 
mterlocked and stable combination of the characters of the parental 
fanns hi such manner as to give rise to a new type unlike either of 
the parent^^, variously intermediate and constant to the ne>v type in 
Hueceeding generations. More than a thmisJind such fixed hybricb, 
or hybrid six*ciesj are bnowiu soino of wdiicb have been formed anew 
experimentally and arc thuu beyond doubt- It is to be seen there¬ 
fore that hybridization has playedj and is playings no small part in 
the eomposition of the llora of the earth, and tlmt it must Iw consicl- 
ered os an uctive^ imd not unLm^iortniit^ factor in the evolutiou of 
plQubi. 

The second method by which new charactei^ and new specii^ havo 
been seen to arise in the succession of generations in plants is Ihiit 
of discontinuous varhition, or-mutation. In foilowung out the gcrtiih 
nation of hundreds of seeds in pedigreed strains of [ilants, a few 
individuals may found iu each generati{>n which are nntaldy dif¬ 
ferent from the type in anutonucul and physiological I features, Tlie=io 
divergencies mx? variously heritabie, constituting breaks m descent, 
hy ttddch, iu some cases, tiew' species originate. Such sec*d or 

^ed nviitants have been seen hundrctls, iierhaps tluuisniidii, of times 
during the loiti tw'o centuric-^?, but it is only within the last twenty 
yeai*^ that their phylogenetic importance began to lx* apprecdatt.d. It 
w ill bo of interest to tlihs as^^embly to know that American botanbta 
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iiijd horLieultiirists have ruiide early observations of direct bilcrest in 
iJiis connectioD. Tims Dr. Arthur HoUickt while ii student nt Coltmt- 
bia tTniversity in 18T9j said in writing of white varietie^s of colored 
plants: 

we have to couBlder iheme eporta of unture where tliere hns been 
n aiiJOea chanRe, wEihout uey fmtu a lalant with 

flowers to a pure white Thrltity; fucU mny be termed "nesatSve^ vurlelle^ 
stDoe tholr pecnUarlty Is due rather to an ob^nee of color than to the presenee 
of white. Not only dooa the flower Bhuw the ehariacterlstle ahtsenee ef color, 
hut the leavcit, stem, and, m fuct^ the entire are Invarlabiy uf u tighter 

aiiil if uuy ritl Jjo nomihl to ihc atein (which la of tea the rase) this 
vrill pljHJ iic of II Uubtcr FhadCi It hnn often bcM^o urged that these nlhlooH are 
mere ''siiorta^^ of nature with noEhlng c^Histant about them • » • and that 

there ia nothing inherent in the canMtttiiLkiu of the trlaut* IVrttitiately\ t Slave 
been able to test tills * * * and fouial Hieiu * « • noi oaly constant 

in Ihetr iiecnlSaritl&Ht but also that these are bml tn the pTntit and capable of 
liihtaHtjine& 

Tlirco ymr^ later* iilxnit the time that l>e Vries liegan easting about 
to find muterial suitable for the demonstration of theory’ uf imit- 
chimieters and (lieir ^nltatury actionn Mr. ThoiiJiii* Meelmti^ a borti- 
cuUiirist of PlnlHiIidphiiit wrote as follows in a di^^tis^toti of some 
niiomalou^ fotm of the onk^ 

The conclusion that 1 hnvo Tieen forced to Is that the ixM fomui wo often 
find hi iintnre are not necewssirEly hybrids, but art! ns likely^ If nut more likoly^ 
tn la? tl>e ontanwvth of some hiteriin! law of fortn with which we nre os yet 
uiinci|LiRliiEeiL Thiit they do not oftcu sjcriwtuate thetn^lrcs Is tnot^ plahily 
IcuKflIcdl ronuirhJihTe vrhm we it^niember that of thon^qindfl of t>ri>«1iiced 

oil Kuy one Eree but n %ory suiflEl iieireiitage ever Rets a chance to form, mid of 
those whieh ilo sr^t'nutt nun la bat n wniAU perecDtntje lundve^) lo Ijeoome iHi'nrLug 
trecfl. Ah the tuimtH?r uf trees rcproJuelni^ ihe giHLcrhl feuturea ef the orlRtnal 
may \m ns n hundmi to one of Ibe luore atrlklhsly nbermut fermit^ wc nmj see 
that ihnuiEh ludlvldani Instances may tw couiinou, we nre uevur hki*ly to meet 
iiiany trees of one stajn;i. Once in n while nn liidivldujil tree may and Itself 
In a sliurtilcin favurahte to the preBervatlcm ef a number of seedlings, wbli^ii 
might endure until aRulu reproductive^ In i?ucb eases a marked vurEely may 
originate and make Its wny over I he earth. 

f Imvo ofreri thou^bt k t»rohdhte that in iime n few' liunvhluuta of these 
sudfieuly tntrtaluced forms adRht ugnEn leap Into nc%¥ features, and tbeEi, If they 
should lie ablo to stintatn thcmselvea, we should Imve new speeletl itulte Inde- 
pendiuitly of any iirlnclple of uatunil sek>ettoa; thtu prlm:lptc« as I uDderstand 
It Itolng governed chlcBy by " enviroumatit.^ 

TUifsic utterances may 1 m taken ns praplictic In part. nmT in pari as 
u iialijial c.\pression of tlic inarlequaey of cxplanatioiw of tlie origin 
of species ciimjht at the time. Shortly afterwards, Profcss«ir Je 
Vries, iinpreii.sed with the necessity for obtaining jjotiitive evidence 
upon tbc subject. I)cgnn an examination of the plants in tlie vicinity 
of Atiisterdutii, Holland. Over a htitiilrcd species were brought into 
culliviitiuii and tested by guarded pedigree cidtur^, and every j»re* 



Fig, 1,—BiffrrManG* Ib4 poirEiital fora vhicta 1i clTl-n^ nutQf i&ulantiL 
A, li^ uMd C, hmrm from Dv l«4 (wa tniddl 4 flf (tow^lDtf itcmi brtct; 

F, fli^wcr witii ^ruii ; c, pBi*i 
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caution was takeji to oscludo interference of n^encics which might 
introduce errorfi, It is imptusible to describe the enormous amount 
of work cntitUed in such iavestigations, but the Iruly splendid results 


well justify the tedious care by which lines of descent were curried 
through successive generations for two decades without allowing u 
trace of doubt as to the purity of die litieage involved. 
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During the Inst four years a partial duplicAtian and an extension 
of these experiments has been earrittl on in Now York. It soeias 
unnecessary iit Ihis late date to go into the cictail of the mutations of 
Lamarck's evening primrose, especially since the phenomena exhibited 



Fio. ftibrlAcfTltf^ on« ot th^ tuytmitB at O. l/ffMffmttbtria. A, U, And €, leave* 

CnifB mietto; t>, lelf EnMn toldille 0| d^werliki F« fluwM wlib |4!bll« iralkfFVtd: 

<S. pttaL 

by I hem are also to be seen in many other jsrpeciea. By way of illm- 
tration it need only be said that this planL os otigdimUy observed by 
De Vries, was found to give from two to five plantlets in every hun¬ 
dred wbidi were widely divergent from the ty 2 >c, and could, upon 
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muturitTj bo arranged in several groups^ and in fact constituted 
sevpral possible species. Onet ticinii/lamf was eversportingi, and con- 
tiniwnsly and consistently gave rise to a variety of forms in its 
progenyf wlikh Jnduded the parent and its mutants^ Anotlier^ taia^ 



Fin. %—0€tutthtTtt tfiiw*, am flf thf DiEiraota yf p. S^mareltiime^ A itttd B, ItHYn fro® 
DlJddle of mfctB ile™: C* ; D. tower with pcl^ mnor ^^; K JHrtftJ \ P and 

ftti® tbfl tm^Ue s IT, itiip«yl«iii. 

TTiis imperfect nnd did not loaturo pollen, and hence was incapable of 
independent existence. Ot1iei¥ were perfect and vigorons, Iwth vege¬ 
tal ively Biid reprofliictivcly, anf) have been found capable of itiiatain- 
ing competition with the pateutal type. Uf these, mifrincrou grows 
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mon^ rapidlv^ gurtuinats itis more qiiickljf and makes more 
numerous i>i Mndies^ and bid.^ fair to be able to ^vin out in a struggle 
wiib the part'iit in all of llie phaais of the slrugglop is a luoro 

vigurouii fonu tliuii the pamd^ koth it and show a 

tendency to predominate wbeu crossed with the paretiL 
was found in the original lucution from which the mnluting strain 
was takent niid as it Ims not appeared in any of the jxfdigreed cidtnnbt 
of the paixiiit type in twenty years and islill maintaiiiiS itself in the 
original locality, it may lie designated jis a Tiiutant wdiich not only 
has arriveih but bits sundved under pcrfi.Ttly natural eoiiditions. de¬ 
cent cultures in the Xevv York Bolnnical (rarJen from seeds of 
I^marck's evening prirnrose^ sent from varimuiE parts of the world 
where the .s|>ecies is under cnltivaiion, demonstrate that it is not alone 
iho plants oliserverJ by De Vries at Ililversmii ibat are mutating, but 
the same derivatives are lieing given off in widely separated local it i<^. 

The eveuing primrose of the Adiremdneks and northern Kew Eng¬ 
land, Oenoikeya emdat^^ has been found to give atypie individuals 
con forming to ji single type, wbicli is also represented by specimens 
that have l}tm\ collected in u wild state; m that here, also, we have the 
survival of a species which U still urriving in a large proportion of 
the progeny. Tbegreat-fJowered evening primrose, Ocnolh&m gmndi- 
ftamr of the .'southern .States hns lM>en grown during two grnonttions 
and it also is found to give diTivitliveSj one or more of which iip[>ear 
to already rei^reseivUnl in the flora of the region- 

One of the most interesting correlations to t>e made from ti study 
of the results of these ohstTvutioiLs is to be found in the parallel muta¬ 
tions eihihited by the neveral species, in apparent contradiction of the 
princii)le of radiate vuriation and mutation {alkcilige 
Among these are to be tiieiitioned the origination of a form with eru- 
cjute flowers of the fttitnc general form as the Oenoth^m rrudata of 
the Adirondads. from the si>ecies known as ^>. i/cnaw in Holland^ 
which ia not identical with any species known to grow' w ild in Aiiier- 
icfl. The Eame species has also been seen to give oil a mutant having 
the character corresponding to the mutant nanella^ coming from La- 
marri'ianfir a^rding to DeVries. Then an evening primrose of un¬ 
known identity has laaui found on lA>ng Island by Doctor ShulL far 
removed from the locality inhabited by any other cruciutc plant, und 
strongly suggestive of a mutation from bienaiif or some other form 
native to that localily. Such facts merely shoTV tliat the forms borne 
hy nearly related sjiecies. lio well wdthin the limits of the morpholog¬ 
ical pu^ibiliiics in saltations and diat tliey may be expected to he 
duplicated in otUer observations. 

Scattered through the literature of botany and horticulture of the 
last century am scores of records of the sudden uppearanee of sports 
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liuil foniisf^ of tli4; uFTpect of f?i:H^cies whidi fully siip|Hjrl nil of the con- 
cliiHloiL*! tlriiwn fnifri iJiti obwi v^ations on the evening primroses. An 
tixuiniiiEitloii uf ibf? fact» enmity brought togeikcr allowa ut to sn? 
thnt certiun gencni] principles id the orgnnizatiun of tbi^ plnut iind 
in its Ixihiivior in these breaks or saltations in UeredHy nmy bo 
iiiude luit* 

Tho first nnd ntosf important of theso is one whicli was julvnnoed by 
De \'riea sjiOcLdiitiifuly Iwtfnre he IjCgun his cxperiincuts in herenlttj\ 
ntimely, that the plmd ly ea^tially u cuinjdex group of indivisibli! 
unit chariictcrs. Tliese tin it ehiinicterg may not iihvays he expressed, 
or rceogtdzahle in external omitomicHl character^i Mince they ninj 
Im ill u latent condition^ or totally inactive^ or estcrniiJ lLlXOll^^nlic 
diariictei^ may reiiUy consist of seveiiil ckmenhiry <|iiaiitiest but 
these are not shown in any intermeclinte stage, altluHigh they miiy 
be iiicHljfied witliin tlie iiinits of lliictuating varinhility. 

An^' plant,, supposodly, include thonsaathi of unit chnrsirtct^, and 
as I hey are essentially qualities, or capacities, they do not iiHuaUy 
coincide with tlie clmractors ordinarily used in luxojuuiiic dtwe^rip- 
tions^ As un illustration, the phnscs of gsiotcEipte semiihility uf nn 
orgHti may lie considered ns a unit characten Tims u branch is either 
iijiogiiotropie, directing it^ tip directly up ware 1, or it may be diagtw- 
tropii! placing its axis in a liori7.onln1 platie^ nt right ongles to tlie 
action of gra^itationj or it may underpi u mutatioii and weep^ or 
direct i^s tips directly down wo rd^ In any cui^e, hEi\vevcr* H jioe^se.sses 
one of these three foniur of ri^actloin It does nol. follow, however* 
that idl brtiiiclies am actually in one of these tliree {vosilions^ for olher 
forces to which it reacts nmy operate to place the axes in vnrious 
planOH^ IInd the jmsitioii of the branch nniy cx|.irc^ jnst Much ton- 
currenee of elementary characters ae alluded to above^ or, in deed ^ the 
gi'^tropic unit character may Ije latent, and the organ may respond 
to other forceti exclusively. Similar analyses ijitif-L lni iistd in the 
delineation of all unit cl i a meters, aiul it is obvious, wilhout further 
discussion, that we will never be able to uncover, either llietin'lically 
or actntilly* mom than ii few' of these indivL-iiblc units. Thn forum 
and nctivities by which wc reeognbe plants must by no means tw 
taken to laesiniplr in their cuiisiituiiun unless provtxl in so, and the 
modihcatifUi of a character [ji h^^bridization and otljerwhse mnxt lui 
tjiken proof that, it is nut an clciiientary feature. 

In tracing the development of sjjecies it is found pmcticiible to ties- 
ignuto them ns rctrogri^ivc when a distinct unit capacity or unit 
character hi lotst or* rather, Imm-oiiios latent. Tliii^ the loss of color 
mu!?t be of this kindi and als:o the Iohk of gecitrupij reaction, while 
the pfiwer of forming hieininte leaves when sliuwn hy mutiuit* from 
a simple-lea veil typo w'ould lie estimatcid ns a progrespive luutHtion, 
as tlie group uf characters couocrned Ixdong to u more highly organ- 
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iKcd tyt>e of or^uu It a wliUe-flowered species sbouUI give to 
a form with ciAom] flowcrst it might well be taken as ji degressive 
movement, or a retracing of n step once lost» since all flowers were 
to silt proiiahility originally colored* Here again the octual lest is 
hybridizatioin H hewing accepted that the retrogressive forms of organs 
art? ret'essive or lateni: when with the parental or nearly 

related types* 

As to hitency we civn only say that strains of plants do curry 
Oilpsicities of one kind and another for ninny gcnenitbns without 
tlie!?e piirrieiilar forms iif nriit characters diowing any activity^ 
Thus si mutant which springs from a psin^sital tyjje and BhowA a 
Iiiciniate h^af imitead of tlie aiiceslml leaf irmsL carry the latter form 
In a latent ctinditiuii. The Intent character may be awakened from 
time to time, or rnity be entirely and jiennanently inactive. Tlie 
most easily j\nnlyzahle examples of hitrncy are seen in hybrids;. Titus 
w'hen the bluedlowemi Veronica folia was crosses 1 with si white- 
dowefeJ variety dertvecl from the progi^ny was entirely and con- 
linimusly l>lue ilowered, except for occasioiiftl hud sports* The w bite* 
llowert'd condilioji was here very evidently in a latent cx^ndition* In 
other instaniTea whitedlovvenHl fonns have appeared as n recessivtv 
forming one-fourth of the j>rogciiy- If iiusilitii^ have a cytologiciil 
basis, and we may certaiJil^^ assume that (hey do, Uicn It is not easy 
to spccijiale intelljgi?ntl3'' on the proiuiblc condition of latent char- 
actciv:^ 

A very striking feature of mutante consists in the fact that the 
gross anatomical chanictcrs in w'hkh they diverge from the parent 
shows a much wider of variability around its new norm than 

dws the homologous character in the parenlal type^ Slauy iibscrvii- 
tions licaring this iulerpretation have beijti on rccoril for sometime. 
Churli¥i Darwin, in liLs CIrigin of Species, nnted that varieties varied 
more widel}" than the closely related spocieft from which they were 
?uppns»ed to 1)0 derived, and many other ol^rvers have toiiclied in 
one way or another upon the subject. Doctor Shull's recent re¬ 
searches uijon this subject led him into the iwiiking of exact nicasun?- 
meiits, by which ho also finds lliat the wide fluetuationg of the mutant 
chwriicters are iiecompanicLl by a lesser degree of correlation than 
prevails In the parental forms* Thus* for instance, tho leaves of 
rnhrinmnjt not mil_v varj" relatively more in width than those of the 
parental Lamon-ktann^ but the proprortioit l>ctween the width and 
length is not so constant as in the latten Olher organs of thes^ and 
other ii^iiecies were subjected to exact measurement?! with similar re¬ 
sults* while n large numlier of'^recent ol^^crvations are known which 
justify the coiieluEions just stated. Of these, the great variation of 
I he length of the pistil in hrrriftl^Ih in coiuparisonH, and the wide 
fluctuations in laciniatc leaves are good exampies. Many of the latter 


516 a:snval hepdbt 8^riTHSoifiAiJ ixstiTtmox, im. 


arc known to t>c direcft deriTritiV(?fi of simple-lGaved anccMors, and hfc 
therpforo capable of coot obscrration- With lhej5e facts in band the 
jxissibiJitT siigges^ts itself that wc TiiigUt tie able todistliiguiish between 
a structure recetitly arisen und one which wn.^ borne by a relatetJ 

sjpecict^ Cor thou¬ 
sands of years, Init 
the liXiietnssHiS of 
such estimates is 
a [nutter of con¬ 
jecture^ 

It seems to be 
taken for granted 
by II great number 
of workers inter- 
edicd in tills sub¬ 
ject that species 
sihowinp widA vari- 
ntions of the or¬ 
gans are the ones 
most likely to otTer 
a high frequency 


of mutations^ and 
my correspondents 
in various parts of 
the country arc 
constantly calling 
attention to these 
forms under such a 
mii^taken impres¬ 
sion* As n matter 
of fact we may con¬ 
fidently cxpi'ct tlmt 
the fe-pecies which 
rfiow the greatest 
vuriation^ or are 
ever sporting^ 
the youngest* 

Xowj having ob¬ 
tained the result 
just described, wo 
find oniTsclves face 
to face with one of the most interesting and difBeuU questions in 
heredity. If the newly arisen nnitant fonns tvre more widely variable 
than the older ones* how do they ultimately become narrowed? 
If the greotcr number of species originated by mutation, as we 
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cofifiJonlly l*c?lipvp they did, then they muE^t Imve sliown ii ir.iiL^li 
wider range af vxifjability than they do at pre.^ent,. By the ojieni- 
lion of wbgt ageney has variability lieen decreui^ed and correla¬ 
tions made more At the present time I am coniiKdled to say 

that I can nut make an intelligent suggestion* Agtiin^ if new char¬ 
acters vart^ widekv at tirstj and hise this jKiwer* wonhl it W ]Hh^.^iljle 
to estimate llie age of any given cbamctcr of o species from the degree 
of vjiriability ? The anthor of the ^llA"cstigat^OIl^j just iKited suggests 
that the best prospiect for evidence of volne upon this point be 

obtained by a comparative slatisiical sludy of more recent types of 
structures In the foliar nr rcpriiJuciive orgatiSi and of older forms 
that have come down from the previoofi opoclu It certainly offers 
H most alluring field fur rt^^arch, and will dmibtless soon receivn 
attention. 

Let us return to the question of the diversity of mutations which 
may ensue in any species, Thcort^ticaliy a pbnit might sliow discon- 
tiniions variation in almost any direction, but this departure of course 
does not exceed an ainjditude determined by the morphological pos¬ 
sibilities. ^^'itll all of these features taken into eonsideralionj, bow- 
evi^r* it is to Inc fk^n that it might Ik? jKrs^ihle for any plant in a 
mutable condlllon to give rise to do 2 &ens, or perliaps ticoresj of ty[je?s 
^iniijUaiiuously, while on the other hand it tnay originate but one 
aberrant form tit ii lime. lAinarck's evening primrose is producing a 
do^en, and the common species but one or pof^slbly two, while the 
great-flowered species is throwing uff ihrce or four, as far as oiir 
olKervations go. It will be profitable to analys^e the consequences of 
the origination of diverse types skuuJtaneoutjly. In the case of 
OeTiC^hera {^luUfom it ranges from Kentucky southward to the 
(itilf over climatic and edaphk conditions of wide diA-crslty, If it 
i>e assumed that all of the mutants are Iwing given off by the whole 
sped.es, then theac must Ije tlirown Into the struggle for existence 
piuler conditions widely dlffenmt. In some cases one mutant findn 
itself equipped to survive in the given environment, and it does so in 
(?PUip<‘tition with the native floriu inelurling the panmtbil form. h\ 
a different part of the natural range of the parental form i\ second 
mutant might have the iidvinitage. ntid it alone of the entire l>roi>rl 
would fiumve, while a third would be the best form for still anotlier 
set. of conditions, Ro well in accord with the facts do we finrl this 
ussiicrtioii that it is not hasiardons tn predict that when ii final survey 
of the distriblit ion of gnindiforn and its niu tanL^ is made 

sonio such arrangement will be found. With thb idea we musi also 
concede that many of the iniitantis so far as our experience goes, do 
not meet at all the conditions suitable for their existence, and these 
perish. In brie ft we have natural selection, not a select ion within 
species, but a selection among species^ by which certain ones ore 
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elected far siirvivjil und others doamatl to destruction no mutter liow 
numerously or how long tLey niny Ihj thrown off by Uih pnrentul type* 
As to the ptTiodiciLy of mutatioua our infonjifttion U not very 
RStensiTe, Dots h g^i>ociea, ns it produce gen Pf lit ion after genGration 
in the com^ of c.vjitiirieHs arrive nt a poini. where it begins to give 
off atypic 1 pel i viduaand h thhi proee;^ continucJ for a time and 
tlicii 'dl^nduueil 3 Wc cbp only say ibat we find Home yjseoies 
mutating tind othtu^s not; we have not seen dtlier the opening or dos¬ 
ing of the junta!ive period in any specie^ This eonsideratiori is eom- 
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pUcaieJt howeverj with Hiat of the frcc|uency of the mutants, TIius 
iu Ijamilevening priiurose fivo in every hundred plants are nm- 
tjinis, lUid it is coiit^dvable that Ltie atypic form might not occur more 
than once in a thousand, or once in ten thoimmlt or once in a milliotu 
Tliese large iiniiilwrfi of plants of any specie^ are not all in exiiitence 
fit any one time^ and it miglit taka yearsj or even decades, to bring 
one mutant within the range of the possible iiumlwr, in which ease 
a fah^e conception of the tnutativo period might be gaineih It is 
^iggfsted, therefore, that the conception of frequency of mutation is 
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the primary idea, lilOmugh the nctioii mijdit iiCBCome intensiGed m 
crrtam periods of more or Icda deBnite limits; 

Finally we may consider the causea inducing or aifecting muta¬ 
tions. MtitatiU are found to bcf iho moat numemus under conditions 
most ftirtirabie to thfe growth and repmliicticm of the parental type, 
and this ia jilao tnio of all anomalous stritetur^ Tt is tlma to be seen 
that til 11141 tiomt probably do not give rise to species most n^adily 
under the of unfavonible env^ironnumi, or under any conditioua 
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whidt weaken tJie parental fomi^ hut when it is at a niaxiniiim of 
activity. 

In the attempts to locolisso tho dinnges in the cells, or in the chro- 
tnosomc^^ which result in the forimitioti of aty[nc individuals from 
seeds, wc arc coiiGdent for theorelical rca^ns that these ensue pre- 
vioiis to the mincing or qualitative divisions in the formation of the 
egg, or in the pollen mother cells. Just what this change may he wc 
are unalile to snv^ and shall probably know no more about il until 
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llie cytologisl shctll hjivo giveti us soint^ clew lo the manner In which 
the separate qualities uro represented in die chroniGeM^nies^ in which 
ibe mutnitive ditnigcs must ensue. It is self-e^ddent that in tv muta¬ 
tion some chararters or qualities l>eing home along steadily from 
cell to cell in the liiirisions musj In? Ihrcjwn into n Intent c^ntlitinii^ 
or i>erhaps totnily lost, while smiultaneonsty or scpurately other 
qualities may Ijc acquired* hy what actual operation we do not know. 
It seems fairly obvious, however. I hut these saltalions arising from 
tJie nontiiiiform uetion of the elironiosome>j mu?it trike place in re¬ 
sponse to sonle stimulus outside of the protoplast in which it nctnally 
occurs^ rhis hy no means KuppoHe^ that the sLtmulaiion rmnes from 
climatic nr other environmental fadotSj. but in all prol>ribility results 
finm enzyjniitic or other action from neighboring of cclK 

If tills is sOt Llien wc rnny haixf to lui able to duplicate the proces?- 
in otir cultures and call out u proportion of mixtants at our will. 
The results of c:ti>erimcn1s iiotv in progt>e>$a seem to leml gresit favor 
to this assumption. 

Tins view i»f the case is also favored b}' the facts offered bv 
bud spnits* vi'bich hove been desigtmted m ‘"vegetative^' nuktanls, 
uUliongh as shown alkovetsll nnitationHi are esseiitinlly of a vegetative 
ehflracter. In the simplesi forms of these sport.s lateral huds a risking 
generally near the base of a shoot develop branches w'hich diverge 
definitely frons the chunicters of the main shooU and which nsixfllly 
coincide with Enmc knowm form^ jiI though tJiis is ni»1 always Hid 
case. Sonietiiiicrt entirely new forms arif^o in this manuer. ns in the 
case of sml mutant^^. During the present season I have Iwuin so 
fortunate as to have three notable examples of bud sports in the 
ex|ieriiiient:il lukiirrs. One of these w as a basal branch of Oeni^tha a 
(fmm€^phlit which sported into the characters of and stig- 

gissting a possible hybrid ancestry with the hitter species as one of 
the parents. A second case was one in wliich w sewl niiitant of 
O. bknnk gave a hud sport which l>ore the characters of the anecs- 
Ifiil type or the true O. A third case was one in which a 

plant of one of the numerous tyiws embraced in a L^tnnplcx hybrid 
pni^ny bore a branch which sported in a branch which rasemblerl 
a sister (ype. Other aualomital relatinnH are found. Thus n bud 
sjkort may eiiibracc not only a branch, hut a portion of tlie main 
stem, fmiii whidi it aris^i^. or in olher rases it may incltiile a section 
or longitudinal strip along one side of a hmuch, even diWding a 
noityer or fruit, while in other cases it may Iw represented by single 
lloweni or fruits scwltered indiscriminately through an iiillorcncr- 
It is to be noted that in luoyt if not ali of the sectorinl varintioiLS 
liy which a part of ii bud Wars the divergent characteni the diange 
is a reversloiiarr one. and the qualities tiiat appear are leally' latent 
in fhe entire plant* imd only need some Htimulufi to awaken them or 
ssome agency to weaken the dominaacy of the prcvnleJit cbursicters. 
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In tile Ciiae of the nppcaraticv of pharactera not hitherto bomi? by 
the mniii stock the is not so clear, especially fts wp feel fairly «r- 
Liiri that the saltations ilo ensue, in seed mutants at least. In single 
cells. Here the theoretical side of the case seemetl least (supported hy 
facts, fliKi T set alxmt sup]ilyiiig the deficiency, with wiial siicffcss you 
may presently Jucljce, 

Omitting the detail of technitiue, I may say that strong osmotic 
wagenis and weak solutions of stimiilnting mineral saltjj were iii' 
jetted into ovarieti in aitdi manner that unferlilizei] ovules were 
subjected to the action of the fluids, which killed many of them, but 
whkh "live the muclwlesired results in a few. In LamsicHana 
tlie frequency and ehaructcT of the known mutants was iinafTwted, 
hut in the progeny of hiemnit was found a single indiridmil eonati- 
tuting a ty|je hitherto nnknowm This single ubeiTont individual 
niigllt have Ijccji a mutant of low frequency, comparabie to giqHit de¬ 
rived from Liittuirf l-ittiiit, and its reeiirreiice heie might have been 
jiiei-ely a malter of diiinre. However, in another sj)t‘t:jcs of evening 
prinii-osp, Jtaiinanttia ttilomta, a flower which belongs to n separate 
genus of ibe family and is not known to lie muliiting, liie treatment 
described rcsiulted in a large number of aberrant individuals of a 
hitlierto unknown type/ Some of these, which show n shorter life 
cycle til a 11 the parental form and many anatomical dlvergpnciw, 
have liee-n Ijronght to [doom and to maturity, and the new form is 
obviously n potential species. In this experience, esemplifieil bv 
specimens of the normal parental fonris and aberrant tjudaiits, I 
mil able to offer you ooncliisire proof that ugeneies external to ^e 
cell may induce mnlations, and conscfiuently exert a profound inlln- 
ence im heredity. It would not be well to exaggerate tlie impnrtuui'c 
of this result, yet it is ei'ident that the establishment of this fact 
marks n long step forward in the experimental study of inheritance 
and the origin of species, 

TThile iho inethofi described is of interest as having possibilities 
for our intervention in the evolution of organisms, it becomes mucJi 
more so if similar results may be expected in a state of nature. 

Such a parolldism is to be found in the imusnal intensities of tiie 
eiivimnic factoid of light, temiierature, nmiirtijre. etc., which have 
been used by Tower in tlie mofUficatioiis of f.rpfhwturiaf which lie 
has .secured, ^ Mere, of course, the entire somn as well as the germ 
plasm ifi pubject to the action of the inciting agent. The various 
distrihittionnl ap^ncics by which seeds arc couHtantly being carrictl 
far beyond the limits of the ruatomary range of their variuns environ- 
ineiilal conditions imiat result in the exposure of developing indi¬ 
viduals niul mature germ plasm to nniisun] intemdties, which might 
well be ttisponsible for such results. Thus a stream takc.s its rise 
near the montane plantation of the Desert Tjnboratoiy ami flow.s 


522 ASXUAU ftV port SMITUSOSIAK lySTITUTlON, imw* 

fill I o!i lliE dcHErt II fc^ milps away and a mile' iowcr down, Doiibt- 
lesH Liindrcds of thousands of seeds ore tarried to the loTtliiiids each 
year. Some nf these develop into imli vidua Is which carry out repro- 
(liictioD. This is usually done in the native habitat, at actual tern- 
jicratures of the tissues not above C0° or lO* h. Down below spore 
fornitilloii, reduction divisions, and fertiHr.atimi may ensue in tem- 
Ijeralures 40* or oO® higher, a difference callable of I icing endured 
by the shoots of some plants now being tested, and which niiplU well 
cause Irreversible ilevelopraental changes. Other factors of the en- 
virontnent may ope rale in a similar manner. 

Aijaiti it is to lie rccalltsl that the actual formation or intrusion 
of active sulislftiiees in the ovarial tissues may I’csnlt from the stings 
of insects, liie myreliw of para-sitic fungi, the ijenclnUion iiy foreign 
pollen, or the egg or pollen may Ijewmie subject to radium emaniitiotis 
or to X rays or utlier forms of radiant energy. Still anolUer possihlo 
action is to lie iiccoiintcfl for: in hybridization the foreign pollen 
ttibes, carrying the generative nuclei of the pollen parent, may en¬ 
counter substaiiwiM in the invaded pistil to which they are not iisUttUy 
subject, with tilt result that its capacity for transmission of parental 
eliaracicrs may lie iilterad. and qualities may thus appear in the 
progeny wliich are not active in eillier parent, 

A hypnUjeiLcal consideration of the known facts, as picseiitei;! by 
tlie many speies in which muiaiioii 1ms 1 h>cii seen to occur seems to 
lead to the cotidusion that the changes iijxjn which diticotitltiuity of 
inheritflitiee rest.n ensue previous to tlic reduction divisions in plants, 
Tlie alterations which take place in my cApcrinieiiL?, liowever, fol¬ 
low disturbances not. brought to Iwar ii|ion iho germ plasm until 
after the second or third divisioiw following the reducing divisions, 
ami are perhaiK st'parateJ from this act by a considerable period of 
time, 

Tlie induction of such new forms in plants may be nccompllshed 
hr reagenU applietl to the generative nuclei carried by tlic pollen 
tube, and probably by action on the embryo sac, in the pcriotl fol¬ 
lowing reduction division. Mutations have lieen taken, on hypo¬ 
thetical gTomidii., to lie laised on changes occurring pluvious to these 
divisloiu^. 

A brief sunimary of the foregoing discussion may Iw made In the 
following geticraliantiotLs: 

1. Species mny arLse by liybridkiUionH which result in lixed forms. 
A large number of forms known ns species, and recognized to be of 
such origin, ura known, and a niimiHsr of them have licen duplicated 
in experimeiaal ciiUiirc-s, some of which were matle over n half cen¬ 
tury ago. 

2. Tlie nvtitatioii theory group an enormous number of hitherto 
uueJCplainahlo facts, to which wc are constantly adding in groat 
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voliipje. into a <’onDCHii?(l a ml meiiiiingfiil wliolc, unJ^ lx?st of ull. it 
brinj^ tite unotT into n i^uiidition wliera it is jiim^hobk to 

f* 5 :|jeriini‘ntjtl methcMlH, lo tlie kbonitorr and experimental giirden. 

3. As rt^iiU of the tlteoretienl eoneeptions ofTenni Us we liHvebeen 

able to make I'epeiaed oWr rat ions of the gieneral principles which 
govern break-^t a^ttliations in hei'cciity, and to observe In w^hut nmn- 
nor uiu tilt ions are connected with the origin of species, 

4. I Living fl^N?rtained iit whiit Lime in tlie life period of the Indi¬ 
vid ii a I nintatioiur occur. I have been so fortunate as to secure i^ults 
demouHtnitiug that uuitation-H may be inducetl in a species not hith¬ 
erto active in this reiipect and that it is jKitssible to call out new 
six»cies by tlie intervention of external agents during the critical 
periiui* 

5. Xut less important than the foregoing h the, unavoidable im¬ 
plies tirm that breaks, stiltations, or discontiiiiious art inn imiy be 
claused ill inheritance by forces e.s.teriuil to the protoplastii aud ceUs 
which are the true Ix'arcn5 of the hereditary chuniclers. 

t>. It is vf the great e^t interest to note that in the effort to cor rein tc 
ihe larger generLtliz4Ltinns in the various departmeijts of scjejiee in 
the ctineepi of mil tali on we have hit tipon a principle strongly favored 
by II modern system of inatlieriiatics, well exemplilied by the spon- 
moeoiis biwaking iip and rean'iingement of the complex atoms in 
nidiiirth uranium, and allied met a Is, and which has l>cen recognized 
by I’foL (xiMjrge Uarwin, the physicist, in the following wordsj 

Tlieato ixiriKliIcmtlelia twill me to estire»f^ n (linibt wlietlier lUoIaKiiftfl liave 
biaMi cortuct la Sooklni? for w>ntlnuouH tRuiofoniuitloa of Hj^ccleBL JoitKia^ by 
[innloKj- we HlaiiuSd nitlo^r exiMact tu Quit flUgttl ^N>atlui|uiitt eUjiri.t;e% occurrloii 
ilUrlai; 41 tciii^ iw^rhwl af LaiC- ftilknvwl hy a ^inicwliut madden tniaaforaiiitlou 
iaio a tiLWv Hjicilea or liy ra|ilU exUnctlou. 

Tjt the loiig-contiEmcd Jiari-owuig of the range of tlucliiation In the 
varioiii^ urgiiiis. coming to snltatioii.s^ or direct origiimtimi of new 
formal, as the plant from generation to gcnenilioii, we have as 

perfect a fulfillment of this motion as might be expected when an 
rtterupt is niiide to inti^rjiret the action of the living by the properties 
of the iionliving. 

The most alluring feature of tlie whole matter, howeveiv Ues in the 
|ifa^ibility that w hen the nature of the induced changn’s is once asccr- 
taiiu^d the inductive agriits might be applied in sudi manner as to 
guide the course of development, iiud thus actuaily eontrol the evolu¬ 
tion of organisms. By such tiiethotls man, the couscious organkuu 
might asMiiinc a dominating role m the w'orld of organisms and create 
relations among living tilings not now existent. 
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CACTACE.^E OF NOItTITEASTERX AND CENTRAL MEN- 
ICO, TOGETHER WITH A SYNOPSIS OF THE PRIN¬ 
CIPAL MEXICAN OENERA. 
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Soaiwly any group of plants In the whok vegetable kTngilom k 
more retnnrkabk for its strange and varied finns, the beautv of its 
flotvera, and its wonderful adaptation to desert life, than the cuetiiB 
family. To inatiy p<u^ns the word “cactus'’ suggests perhaps the 
beautiful night-blooming cereus of our conservatories or the rosT- 
llowerpfj Epiphyllutns and Phyllocacti, Tliese plants, together with 
the drooping epiphytal Rhipsalia, «ill up visions of tropical Jux^ 
tirinficc far dilkrent from those suggested by the stiff columnar torch 
thistles and thorny viznagns of the arid deserts and rockv slopes yf 
mountaiufl. Many of the latter are figurvtl in vanoua ^vernment 
reiKirts of explorations, in which some of the most remarkable are 
descri!)ed at length, not only as striking features of the landscape, 
hut also ns welcome sources of refreshtnent to the weary traveler and 
food nnd drink for his exhauated beast.s of burden," * ’ 

Hiiinboldt hfls somewhere spoken of the influence of coHeetions of 
exotic plants upon mindH susceptible to natural beauty, relating how 
he Tiirnself was sciited with u desire to trav'el in tropical countries on 
seeing certain exotic trees in the liotaiucnl garden of Berlin. .Viuong 
special collectjoiis of plants usually seen in conservatories few inspire 
theater uitere.st tlian those composed of CacCa.»ffi. In this couiitrv 
the m^t imiiortant collection is undoubtedlv that of the Missouri 
IJotariiatl (Jnrtkn, al St. Louis Other int;resting collec-tions are 
those of the Department of Agriculture, at Washington, and the 
New \ ork Botanical GaHcn, at Bronx Park. In tlmse the plants are 
grouped for convenience of study according to genera, suhgenera, and 
specie^ under the protection of glass roofs. Other collections, ar- 
ranged more artistically and under more natural conditions , in t],e 

B Predurlfk V., "lUwcrt ttinata na a soumf of drinkUig wntor," 
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5£6 ANNUAL mPOl^T SMITHSONIAN INSTITUTION, lOOS, 

Oi)cn liiPi «l-p ttt tilt! Uriivcmiy of Ari/Aiim, tit liegun 

bv Prof^ rT, M. Toiimey^ imw of tlio Vult? School of l^'otei^iry; and 
at Kivi-i-i^idt*, California* under the of Air. A. S. WliUe, 

^ho has devoted much lime and nioncy to the establl-slimoiit of u 
nia^iiificent caelum garden. SriidkT crijllections^ arc thoi^e of Frol 
E. (.). Wooton, at Park, Xcw Jfexico, and n gnirJeii ettsiblibliiHl 

ut Laredo, Texas, by Mcii, Anna Ik Nickels, the veteran collector of 
dci^ert plants, 

Airs. Kicked hits conlributetl iimeh to our knowledge of Cac tnccie 
tind Ollier .'sertjphyles of Texas uiid iioriherii Mexico. S[>eciineii!s 
collected by hiT are cited in all niodurn works on (^actaewt untl n^any 
of her notes on tlieir prciperties, usea, and life bbstorv ai'e qnotcil. 
On a recent trip to Mexico the writer looked forwanl to visiting her 
in l^iredo, but foontl that slie was no longer thci'e. Fortuinitely. he 
afterward? met her iit the home of her son in the city of ??ian IjUH 
Though she hsol left hi?r gnrden liehiml her, ^^he was s^till 
fnirhful to the objects of her emly love, some of whudi she bad 
carried with her on lier excxlus to the patio of her sofra lioiii^^, and 
there, like Chithe^s Waldbhimdteil. they b1oss^H0 om" Nearly every 
plant growing in her giinlen she had collectwith her own hioids, 
Ala 11Y of thi'in were fixmi the valley of the Itlo firaiide, but ftw some 
i^he had made extensive triji^' into Mesicxi, ufteo Ihiding it nc^ssary to 
make long and |jaiiiful joimiewi on intileback, and climbing aiimug 
sharp rocks and along the i.‘si:jurpmcnt of ?teep mrsintains where no 
uniinal coidd find fwihohL From an etxnioinic view tlie ino?t in¬ 
teresting cactus of her collection was tlic nanxitic tneseal iiuttoii 
iLopfiOpfiOt f^ irMhtnml). vvluch J^hc was suiiong I he first to bring to 
I lie notice of medical men. Her oliservalions as to its use as im inloxi- 
ennt ant] febrifuge by the IndiHiis were published by Pmf. .lohii M. 
('oidter Iti his ^ Preliminury nsvisioii of the North Amerifraii species 
of factus* Aiihjiloniunit and Tjjpliopliura.”« For many yeur* Airs. 
Niekrls sent valuable con.signments of tiiediclnal and other plants of 
the Ales lean lion ml ary n^gion to cheiiiLstSj tiianufacluFere of tlrug^, 
florists, and bolmiist-^. laith in the Itnlted States and Europe, 

Another veteran collector to whom the Nationul Herbarium and 
the Dc|>artment of Agriculture are greatly indebteii for Alexicitn 
plants* IXJth living and dried, and for valuable notes nn their iiiiHJle- 
Inal protx^rties and economic uses, 1$ Dr Edward Palmer, who ivt 
the advamted age of TB years Ls Htlll eontinuing the w oi k he Ixgan in 
hi:i youtlu In the cactus hou^^ of the Nctw Vt>rk Boiunic^il thirdcn 
fmil the Hepartminit of Agrioullnre at AVa.sJungton there are niutiy 
living plants of hU collet^tioiv. the life histories of which are the sub^ 
jert of study by Ductors Britton and and in the pharmaceutical 

a L'ontrlLinllooif to ttie Ifoltetl Status Nutluuiil HcrIairiiLiii \ s«l :i, p. UCl. IKfH. 
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Ktlk-ctioii of the Department arc uiHuy tlrieil gp^iincns collecU’d by 
him, of which the mediemal and cheniieal proper!its arc to be studied 
by drn|j: exi»ertii. 

* At Moiilercy, itie ciipitol of Suevo Ijeoii, die writer ii'kited the 
I^nio del Obispado, on the western etlge of die city, emwnetl V>y 
dio liistoric Bi-slmp's PalRce, which was used us a fortificution during 
die war }A>twqpn Mexico and the United Stntes. From this hill there 
is a flno view of the lovely valley in which Monterey lies, with tho 
picturesque Sillii. or Saddle Mountain, beyond {pi. 1). Here 1 col¬ 
lected li niiniW of intonsfting species, including the cylindrical 
illm-iti ffoiKj (pi. 2, fig. 3), and the conind -V. ton&ideft (pi 14, fig. Ih 
Other species were die melon-diaped Kchmocacttm Itorisontitalounui 
(pi. *2, fig. 6), and the flatter, sharp-fibbed /Tc/jiiiocat/ii* texemk (pi. 
2. fig. 1|. Many of the Echtnocadi U‘iir a general resi;iublauce to 
plants of the genus Cactus, tisually called Melocactns, but lack the 
cap of felt mid bristles by wliicli the latter are crowned (pi, 2, fig. 2), 
Other inlci-esting plants were the comb-spined Erhiitot'trtfUH ini tiu- 
ulus (pL 2, fig. fi), ami MfimHIaria Ac^-derf, a little heniispberieal 
plant with radiating bristle-like Bpinftfi. There were also a few speci¬ 
mens of a biLsliy, slciider-fitemmed, rcd-fruiteil Opiintia 1 bad iiotifed 
near the railway track in eoming from Lareelo, cldefly interesting on 
nccoiuit of the diaphanous shea tits covering the slender needle-1 ike 
sjiintw (fig. 12, p. TkIT). 

At the Colegin Civil, where 1 found n jmdty colleetion of living 
eacti, T had the pleasure of mi>eting Frof. Emilio Botlriguez, of the 
Normal .School of Monterey. This gentleman gave me much iLse- 
fill information regarding the principal localities for cactus collect¬ 
ing in the .State of Nuevo J.«on. Chief among them are Santa Cata¬ 
lina, near the base of the Cerro dc la Mitru, a short distance west 
of the city: Rinconatlo, a mountain pass between Monterey atul 
Saltillo; L(>s Mnertos, just over the Coahuila line beyond Hinconado; 
and Icamole, to the northwcstl of Mmiterey, near the Coahuilu bound- 
iirv. Professor RtMlrignca accomiJonietl me on an excursion to Ica- 
tiiole. where wo were the guests of bi.a comptnlre, Don Maria 
(furza Fernandez, an enthusiastio cactus lover, who has on his estate 
a collection of die principal i-acii growing in the .^tate of Nuevo 
licon. One of the mo^t interesting was a beautiful and mre little 
MamiUaria with downy phunes instead of s]>iiios. This jqieides, 
.Vumtllttfia plumtsa, has been confused with MtinUlluj'va Iw/iaciml/tu, 
wliirb has hairy s[>iiies; but it is quite distinct. Tt occutH on the 
(.'errn del Ahncndrillo, alaiut U miles HOiith of leaitmlc, and over the 
boundary line at IjOs Muertos;, in the State of Coahuila. A photo¬ 
graph of its ])luiiies, enlarged 2^ diameters, i» .shown on pktc 3, 
figure C. Another interesting species was the pezima de venado, 
Aritu^ur^jyus kotgtfutbeyanus (pi. 3, fig, 4), a small pbiiil with a 
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rosette of lriflji^i.lur tubei^'!es% each marker I witli n rued ism siitiit^ 
ii\ such li wiiy as in suggest the dloven hoof of it deer. It Ls recorded 
that Uaroii KarwiJiski^ its di^rovcrerT return eel to {leminny uitli 
only three ^|)eciineni^^ one of ivliich he sold for l,00tt francs. It. 
ucuihhI hy Leuiairc Id liouor of his patron* Prince Kotst^hiibey ; 
though it was aftenvanl?^ i.U'^rilK''d as Aitk^ionitiFu nn np- 

propriate nanieJ>ut acoo*i 4 uig to the of priority tint tcmible. 

A liook-.opined [>htTit reniarkahle ftir its yeiiowisli-grceii flowers 
crowded niKHit the siinjiiiJt proved to lie fCrhinoefi*jt^H ^rkdeni brvel^ 
(ph 3* hg* ^)- The outer florid leavc^^ are ipiite grtNui. 
tho iniierruost between green and yellowj its untberH yellow^ ami its 
stiguia bright green. Ttie lube ijf the [lerianth is scaly. Tlie fruit 
is iicld^ but can be cutem Anodier rernarkable plurit was Loph^^ph/fra 
die mes^l butttmp or peyote^ to which I have already 
referred [pi. 3, fig, 5 )k Instead of spines^ it ln?arfi little tufts of 
w«Hd on its areoles. The tubercles, separated by ^>haUow hori^ponlttl 
grouve^^ are u.siifdly arranged in vertical lines^ like ii typical Echiiio- 
raelii.^, Uul iwmelitues they are irregular, recalling tho^w of AV/n'iio- 
riwfiM h>pJutiArh\ winch I aflerwunis colhaitod on the neighboring 
mountains (pL 3, fig^ 1). The prettiest cactup llowcrs in the garden 
were lliodc of s^i^ics of Echmocerviis^, with crimson or [nurplc jx^ri- 
aiith:=^ yellow sLaiiiens^ and green stigmas* Those plnuty ore called 
alicocheH in northern Mexico, and their spiny edible fniibi 
" pitayas^*"^ The two most coamiou about lea mole were 
cr^fiplomeraim. wdlh long white pe! lucid neetllcs, and a spccksi resera- 
tiling A", itirfimhicn^^ wddi coai-scr straw’-lUtc spines* These two 
spH-ics are erect and grow in groupii, There are une or two fdher 
■^^IH-cies of wliieli the sterns are more ^lender iind prostrate or pro- 
riTiiilauit. One of diem* EcAhujf^rfHs is shown on plate 

3p figure 2* Another [danl of very iliircrcnt habit, fnrmcrly chia-^eil 
with the genus Echinocereus, was Wif^o^h po^telgitri {Eehittfin^rru^t 
fubtroiftfs)^ with weak* slender ¥tems no thicker than a lead pencil* 
tnU'miis roots, and pretty rosc-colored flowers with ro?e-cnlored 
lllanicnbi, snlphiir-ycllow antber-t and eroei’ald-gi'ecn S-rayed stignift* 
Tn northeastern ^rciico this plant ig called sacasil.’'' a name which 
is elscwhe^^^ applietl to a spetdes of Tloiissingauldii. a climbing 
plant wddi lubcrcjus twU lieloiiglng to tlie Basellaccie. There were 
no colliinnar cardones, or organofi. in the ganlen, though I ^vas told 
that the eotnraon organo nf the hedges of central ifexico {Cereu* 
grows at Pezqueria Chiciu in the State of Niievn T>con. 

with tiilwrcled ribs and straight spines^ is not 
nneonunon in the vkimty of Icamolc, but hcFH the spines am not 
bright colored like ttioeo I aftenrards found at Parraii (pi. i3j Eg. 2)* 
Er:hhL&f}iictiis i'izpricomufi (pi 5^ fig. 2) and Echmoeactus 
(pL 13* fig. fJ)f two other specif growing in the garden, are also 
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indij^noiif! to tliis locality os well iiti AtfA<(iot’(rc/wjp 
which licors the .leid limas do viaouifOf used in cooking os a f-uftstituto 
for lemons (jil. i>, fig. 4), /i^chhtaaactm be^timti^ covoitkI with spines 
so thickly os to resemble o gray sea urchin, htid been brought from 
the Villa lic Mina, 25 miles distant from Icamole, ttiicl Echinoeactvf 
macihuK'lfi, resembling ii while sea urchin, from the Canon do Santa 
('ntolinn, a jsliorl dislanm southwest of Monterey. t'f’/ilnoe^trtuK h>jr- 
e/isist, locally known as “ tiiancacubnllo.” or liorse-orippler,*’ has 
Iteuutifully fringed, feathery, rosjc-colored petals, while those of the 
somewhat slujihii* t\ horistint/uiloniit* are nearly entire, and tlie 
bright-red fruit of £'. t^rerwtjf iisiifllly bears tufts of wool (pL 2, 
fig, 1), while that of L'. Aorhoitthdlaniiis Is quite surrounded by wool. 
Several specimens of Jfmnillairitt Itwta fpl. 2. lig. *i) wem in bloom, 
lies ring a few hrick-rud flowers near the crest of the plant. Tliis color 
Is rare in the Caetaim!, many of them having rose-colored or crimson 
ilowerb. like those of .!/. nmoiflint {pi. 14, fig. 1), or white, tingl'd 
with |>ink or llesh color, or some sdiade of yellow, as in ,1/. ftotnifmia 
(pi. 4, lig. 4). 

Don dose Maria kliiilly offered to take uS to a locality famous for 
the great nnniliers of l^chinacacftiji mgrowing there. He 
obmincvl niiunals and a guide, and we were sooii on our way to a 
mounluin rungc about nine miles further to the wcstwnrd. Along the 
road wor*'- thickets of red-fnihed lasajillo {Opanfia kptocauHs) al¬ 
ternating with the creosote bash [CovHlea trideniatii)., and the 
stouter Opttnliti tmhrit'ulti with candela bra-like whorls of tsibercled 
branches and Icmon-ydlow fruit. This species is locally known as 
"coyouostli” (“coyote prickly pear’’). Afterwards 1 saiv it grow¬ 
ing near Durango, where it was ca11e<] “ cardeiiche.” A flat-jointed 
Opiintiu, calhfd “cnija,” was also common ns well a.s ti low putiesccnt 
species {O. mierodmjfii) without spines, but witJi tufts of little gloclii- 
ilia, or harla>d bridles, which are easily detached aud are apt to get 
into tho eyes of aiiimnis, often causing serious infiatumalioh and even 
hUtulnes's. For lliis reason the plant is called “ iiopalillo cCgador,'* 
or “blinding little nopal” {pi. 10, Gg. 1), Cluntps of hiiig-spincd 
t’chin^erem* ttMitthtiiwraiiM were frequent. Very different in ap- 
liearance from these was the dainty little lace caciust, £'t'Atiriocc#'i'iM 
rtrupitoKuti (pi. 4, fig. 6), a low, cylindrical plant covered with ap- 
pressed pectinate white spines so soft that the plants could be handled 
with impunity. The fiowers of this little plant are so large that Don 
Manuel Fraile, an cnthudastic cactus lover, has christened them 
“merry w'idows,” a name applied to the large, spreading lints ru- 
ccntly in vogue nmong the ladies of the United States, teaching 
our destination, we bivouacked for the night under a cloudless sky. 
Our caiup waa at the head of the Cafiou de las Barretas, so itum^ 
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imm thicket of hjirnrhi bii&he^ {Uftieft^i fnirvifollu) growing 
further down the idopi^ The mo^d ehanictcriKtie pinntri of ttie ronii- 
try Uiroiigh which wc had come were the gobernadonit or criiwsote 
biidj {Cofllha tridcnfata) ^ cnndeliiiu (Et(pftorbia {tntkj/phUifiaj) ^ 
with rigid vcrticui WHx-coveml Idiflesss i!Jtems^ tlie green thorny Imf- 
less jiiiico {/{oebc^dinhi gplnom); i^otol (Dustfliri^n fexanum), with 
remotely toothed b{iyo[iel-sIiii[MKj leuv'^; pjtii t^iiiainluiiue {IIt\^p€r- 
fuytifera). with tlie miirgiiis of itf^ linmir leaves Ijeariug looiie 
Jibroii!? thn?ad?s; and the low, rigid, shiirp-loaved iignve called lecliii- 
which yielcb much of the coinniereial tllier from non hem 

ilesico. 

On the lerj" crest of lUe moimtain range, growing in little rock 
jjCKjketa, w'c found Kc/thioe^jetui* jiiutficostaiu^ (pL 4, fig, 3), the object 
of our searcUj scores rsf jihmts^ ’wilh m&iiy sharp ntdiating ribs which 
Ifiok like accordion plniting. Tliis |}hLijt belongs to ji grfpup in which 
ihurt? is considoruldc variation of the apinejs, Karllier souths ni?iir xSiil- 
(illo, I collected] plants apparently af this s^jircios, but w'ith f^toutcr 
spines, luid near Agunsculientes a form with spines so numerous and 
broad as almost to jsmccal the Ihnvc-r (pi. 4, (ig. 5), On the moimtiiin 
crest ussociiited with this plant was a rosy-fhj^vered ainipoi^itc {Pina- 
ropap/ftni a pretty little daisy-1 ike fhnver {C*ba{^Ujmppn mi/- 

with blue-tintetl rays which were just clojiing in sleep, and Af£- 
emfUtri^ sometimes called mountain Juj^iinncj'’ Tivith j’ollow 
tlowcra Eke rockroses ([lelianthcinum)^ Characteristic alinihs were 
a barliciTV'^ Irifoliohia). sonietimes called paltMiinjirillc^/" 

from its avochJ. which yields a yellow dye^ or agritos, fmuj its ucid 
berries? an Acaohi (A. b^d^miieri) with white odorless Howers, 
called '^huajillo in northern Mexico; tl^e ehii|K)te prielo, or black 
jicrsiiiimon {Bm]/adendron texmmm); and a little farther down So- 
/^Ao?vf surcundifora^ n huish with clusters of blue wlstnria-like flowers 
having the odor of ripcs grapes and followed by scarlet-seeded pods 
called “ frijolilliJS.” or *'etiinriues.’*^ 

It ivas pleiiaint to see the Eiffccti™ with which our host seemed 
to regard each little lticIus plant. One of them from which the root 
had bet^n broken had Wti thrown aside and was lying on n bare 
rock- He knelt down and carefiill}'^ replanted it in a creviecT puttiiig 
a handful of black soil about its base, saying: PohniUo, d^jela 

Farther down the moimtaiii mde I wllectcd a tiny Mamillaria (ph 
4, fig. with a delicate hooked centra! spine on eiwh aithole sur¬ 
rounded by a number of sjjreailing mdials. It was very prrrbahly 
a species closely iillied to ,1/. f/oauajui; but that 
tiixN^ic^ has more than one hooknl rent nil and spreading w ooUUke 
hnir^ growing from each areqle (pi. 4 , fig. 4). Other aijeidefl cob 
leclcfl hen^ ivere three Eehinocacth already inentionMl—/T. fiorh&n- 
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ihil^iihis^ £. anti £", hpotfmle^ ^^ery_ closely ill lied to 

the lai^t IS 31 fnmi collqcteJ by Matlis.soii, in the Khiconado Pass, be¬ 
tween Saltillo jinii ilontereyn, named Ei^hmocactm rincon^jflams/. 

On oitt return trip we collected the glass-needled alieoche {Echmo- 
cirrcr/jf find the pretty little biUlori-cactiift 

^rr«7i7i; (pL 4 . 1 ), a Bfvecicsj very closely allied to M, of 

Texii.s. Like many of its congi^ners it l)earb little crintson club- 
shaped chilitos, which are relished for their pleasant acidulous^ cnin- 
Ijorry-likc I la von \V\im m'c reached the liaeiendu Don dosf Maria 
insisted on ailding to my collection ^omc of the rarest species of his 
garden. 1 ofTered to pay fur Ihern, for 1 knew I lint he somotime^^ 
sulil plants to dealer^t but lie declined with polite dignity to receive 
sayings “ No^ Senor; that would spoil all my pleasure. If 
I might ask a fjivor^ however, I Iseg tlnd you send me a few" ilooks 
which rn^fit of Ciietaceie, Ixxiks with pictures, for I enn not. read 
Englisli nor Germ an ^ and I have only this catalogue to guide me. 
I Lave stHiic idea of the various groups of pknt^^ but it is sometimes 
hard to dbtinguish a MamilkriR fiiun an Echinocactns* though I 
know that in gene4T.d the ilamiUnrlas Ijear chilitos^ anti the Eeliino- 
cacti have sotly fruits. I know" of no book in Spanish to help a 
cactus lover, though this is the counlry of the Cactnccae. Sefior* 

what n grcjit help illustrations are! '* 

T accepted Don Jose Marines plants with thanks, and told him 
that T would try to prepare a guide to the study of Mexican Cuctaceie, 
such Ji-s ndght help Jin amateur ctdlector, explaining hy figures, as 
well as po5?:Hible, the differences between the g^mera^ des^eribing tha 
flowers, the structure of the plants^ and the to whldi many of 
them arc iij 3 {jlieiL 

It will not be possible within the limita of the present paj^cr to 
entiiiienite all thu plants collected and «t)sen"ed during my recent 
ilexican journey. In the vieinily of Saltillo I eollec!ted iiuiny of 
tile same species as in Xuevo Ijcan, including the strange-looking 
EchinorsictfiH ^aprimmus^ with tufts of itvislcnl spines and beau¬ 
tiful flowers (pl, 0, fig. 2)t Lophophom MamiHuria /caiuTj 

M. conoicfctf, f07*gWicrafwj, and the sjiecies resembling 

E. Atmmtneuit, In add it toil to tlicso wm a species of Arioctirpua 
(A. furfnrncciis)^ locally known as “ chautle," which is quite distiuet 
from A, rf fmm (al^ known as A. prhmMhm)^ a species I naiv 
in the Monterev collection, though the two species are held by s^jme 
authorities to \x} idcuticiiK'^ 

In the vicinity of Parras, CVuhtlilu, in addition to many of the same 
s|iecies as those I had already ctjUcctcd, 1 fotind a species of Ariotur- 
pus (pi, nu fig, I) very closely resembling the wcll-kiiowii “'living 


* Sciminnna, KarL Op. elL, fKCi-iBfSO. 
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lock {Arhrarpm fi^uratus)^ growing on the lulls of Perote^ Echi- 
nonadtiji (Adroph^^ton) capriromm (pL 5 , fig, 2) vviia also cooidion in 
tills Jocfliiiy. A vnriety of Edihocadus bi<^tar (pL 13 j fig, 2) bad 
Its spines most IjriUbiilly varU^gated with red and yellow* and a 
liooked-spinotl EchiiUH’fHctiis (Er vnctmiftts) l>ore a close resemblance 
to £\ {ojiffihamuiifs^ except that the flowers were purplish instead 
of yellowislij the spines were more dense, and centraU were 

booked instead of w single one, A disihictioti was here made be¬ 
tween two speciea of Echtnucereus^ nppnrotjlly E. 
and u specit$ with ven^ long hlnisti spines The ficMt was ca]li!d 
pi La hay pt de AgontiJ,” lxri.^nse the fruit at tltis" place rijwns in 
August, and tJie second was called ^'pitahaya de San be- 

caiM the fmit is eA|>eeictl to he ripe on Saint Jolin’a l>fty (mid- 
suinimir), A cylindrical Optmiin^ oatled coyonostlir was ap- 
parejitly O. imt^rhntif^ whidi I liad already etdlttctcd l but a second 
more slcnder-l>ninc;hGd s[>eeiCii, Uraring the name of ^ tasajillo,'' was 
ijiiUe distinct from Ihe Monterey taaaJiUo. since its fniit was 
oruuge-colored hii^ad of red ami its brandies sornewhiit minuter. 
A little KdunfHt-^rciia^ ndaled tn £\ pi'clnuiffnt, had itM spines prettily 
o;dore<l in Kiich is way Jis to fcinu rxmes of rctl and frtraw color, fmm 
which it ha-^ l>co!i named rsiiriliow cactus.” 

It givfci tiip great pleasure to acknowledge hero the courtesy ex¬ 
tended to me by the ,\ia(lerc> family diirhig my stay at Parras, and 
the kindly assistnnee of Dr. ^VJfrcd Mlilther, at whose house t found 
Forster's Handhnch dcr Oacteenkimde, edition of 1SS)2, illustrated by 
a nnmlwr of excellent womlcuts. Dotitor WalQier had csdablishctl 
a f^lIlalI collection of lining cacti in the principal plaza of Parrto* 
AOiong the morit interest ing ^rere CepAahr^rf^u^ JieniHs^ called culie?.a 
de vieja or ^^old man's head,” from the gray hair growing from its 
eri'St (fig. p+ .> 52 ); lAutrfiphptffm) the 

bim^la de obiKpo, or " Indinp s cap/’ frotn Cerravola, n sljtirt dbitance 
vTi^si of Parras; tlie clrrsely nilied E. {AAtrftphptffm) rapri^f^rmut frt>m 
ft biirrancit jiiKt south of Parra? (pi 5, fig^. 2) : Echinoat/ilm pHoauJi, 
E^^iiietinm 4 feet high and 2 feet in diameter, with ruby-red spines 
and white, radiating, twisted stringdike hairs; Echtn/iccrem 
m^pJtosus ( rainliow niriety). nnd Mamaitiria let>na, from Llanitos, 
0 miles east of ihirnis; the remEtrbible AfamUhirhi clrrAif^^a 
jiplna, covered with long, tangled spines like i^arse, wiry linir, fnini 
the bfimmca bidiind the neighlioring Capilhi; and the Well-known 
chilitO'U'ttring -VamillGriu mdumwtha^ with pyrninidal tulterdes 
and sliort spincs- 

But tht* Hic»t iatfireiitini^ caclus nf this regiotv frotn a Iwtariicjil 
point r>f vit'W is U»rf,fe>iff>'r{fia prinrtpu (fip. 2Jl, p. 55^) 

(intiinn, n s-hort distant.-* ti> the muthen.'ttwiird of Pnrras, whor* it 
grows in t-ompany with -l/oroiV/arw ach^eni and Optniiia cereif&rtiiiif. 
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The latter speciea an inlereiitiiig c^ilnJrical Opuntia Wlowging \o 
the series ClnviitiPj in ’ivhicli the spines nre not EJieathed in scabbards. 
Another species of this group is Opunila from Perrns 

Bruvo^i^ north of Pitrras, where it was colleeled by Doctor (Iregg in 
ISiS. Its flowers and fruii have never been described- 

In addition to tlie cacti, there were scveml other xerophyles; Oumong 
them an agnw with remarkably short and bmad leaves, called noa,” 
from a iuL-ality 13 miles east of ParraSy on llie road to Mrainite^ n 
very narroiv and rigid leaved ngave^ called frem the Bar¬ 

ranca de Lknitos, 0 miles east of Parras: and a species of DasrUrion, 
called the crowns of which are usodj like iboHc of an agavc^ 

for making a fermented drink* 

At Aguascaiientes T collected several Khealh-spinc^l Opuniins^ in¬ 
cluding tile i^oyofiOHtli {Qprifitm Imhricatii) ami llm low davelHna 
{Opjintia iuniifain) (pL 10* fig* 5). f>f the latter siwci^ia my guide 
seemed to liavc a horror, lie would re|>catedly warn me: Be careful* 
Sefior: do not touch it; it is wt/t/ a plant of tUo deviL"' And, 

indeed, it seemed fairly to leap in eageniess to sink its harlicd npines 
into the llesh of the unwary paa^r-hy. The spines ure easily w ith- 
drnwu^ but the l>iirbed scabbards remain to fester^ and can only 
1)0 extracted with difTicultj"- On the lulls aliove l.lio liot springs at 
Agmiscalientes I found only two other eacti. Oni>y ,}fanunuria tin- 
eiuaia^ vvas a low- ilat-topiMid species grovving atnotig the gnissy with, 
a single stout claw-shaped <H5ntral spine^ surruimded by a ninulicr of 
I'adial^^, and wiih white petsbj licaring a median strij>c of pink. The 
other w-asiin Echitiocudus lo which I have already referred {Ecfiino- 
(pi. 4, fig, 5), closely related to h\ wttHkofftaiufi^ 
luit with many broad* swfird-shflped spines converging about the 
apex and almost concealing the flower* 

At Gun da la jura I had the pleasure of ineeting Dr- vldrlon Pugn^ 
to whom I am ir3del>led for many courtesies, Througii hU kindness 
I clitained s|>ecimens of at least two species of Peresldopsisy cucti 
related to tlie Opuntias, but resembling the genus Pereskia in having 
w'ell develoj>ed leaves (ph 10, lig* 2). One of these sjiecics, Pere^kiop- 
irw lieiirs edible watery frnit called “ tunas de agun." Another 

interesting plant was a Nopaica (probuldy Xopalea karwinJiMimfi) 
with beanlifiil rosc-coloreti flowers, loyally known os r/e 

Ill Nopulea, an Opuiitin-like giuius including the jjIanL mion 
which the tTOchineal insect i.s renred, the floral leaves are erect, instead 
of spreading its in Gptiiitia, and the stamens are longer than the 
fM'rianth hut sliorter than the style (sec fig* 14^ p. Mfl), In the gar¬ 
dens of Goadahijarn Severn 1 species of climbing triangular Cerei nrc 
cultivated, all of which bear edible fniit called pitahayna” One 
species haji recently Iw'cn descriU-d m new' under the name Cere*iH 
{ph 6, fig* 1). In addition to these 1 noticed a columnar 
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L-ardon* Ccru# queretarcims ^pL (;, fig. i), wind, is much plnnteij m 
southern niul (JiicrctHro.® At riuiicljitujarn the natives tutike 

n ilUtimtiwi U'tivL-cn the i-pitiy fruit of the carduii, wliidi 

they call ** pStiiya,” iiiirl tliat of the climbing trjaiigiilur Cem, ^vhidi 
I hey «dl ** pitahaj'a.” In the mnrkets t saw n milky MamiJlartu 
otfeira for ^le for medicinal purpofics, Sfilky MamiUnriiis are pttp- 
iilar remedies in inuity parts of ilcjcico. In Dunttign the milk is 
nsed^ for hen ling cracks in the feet nf the tintives; elHewhere it is 
udm in 1st ere* I inlemalty for various purposes* 

At <hianujtiato it was my privilege to meet the venerable Prof. 
A^lfrcdo Diigfta^ so well known to the students of Me\)cttn natural 
hhlitry as an mvoniplislnal botanist and 2ooIopst. Aecoinpanicd 
by his collector, I climbed about the liills stirromtding the city and 
collated sevend interesting cacti. In Uie hedgi^s, iH-tiule the com 
tiioH cohiiiinar organ cactus {Ccri'i>fi mufffhuiftM) (pi. 11, |ig. *2) antJ 
the hnmehing gai-ninbullo f/rometrizan») (p|. 11, 

tig. t). I found Ctrnyt* to wliidi I have already re- 

feift-d. Here it is dialingnishcd from the orgnno imtler the name 
pitahaya. On rt mb til Jo. the coiiiiiinn name of .l/yr/f/Zonrc/w ffeo- 
meirhans, is applied to various small currant dike fniits in M<:.\ico.* 
'Idle fruits of this species (pJ* It, Jig. '!) are euten eitlicr fresh or driwl 
like niisins. f>n the steep dry hilLs of Ouamijuato I collected two or 
t!m‘e mteresliiig milky Miiiiitlkrias, including the long-apincd .If. 
mrinsan«, is Applied to various small curraiit-Iike fruitc in Mexico * 
si>ccieA resembling .1/, but j,oi flat, as that species isdescTilwd 

to Iw. In the iiedges 1 noticed several alcndcr-stemmed Cerei. indud- 
mg .l/«>rflctfcf«^ faifdlifonuh, Tlie Ix^aulifnl mscM-olored ttowere of 
this species are aygnmorphniis LiisteUd of perfectly regiihir. They are 
exteosirely us«l medicinally in Mexico under the imino *^flor del 
citenin, ur “horn flower'' (fig. IS, p. 5,tr>). 

\\Tiilo m the pty of Mexim I was the guest of Mnie. Zelia Nnt^ 
tali, the iireheologist, at her Ijcmilifnl home, Ca,‘;a Alvarado an 
tincient villa situated near Coyoacan not far from tlic celchrateil 
l etlit^nh or lava l>eds. The garden of (ksa Alvarado, whidi is 
^^vcrnl wntun^ tiU], lins n niinibcr of lui^t bcjinliful and inturi:^!- 
mg trees and sbrulv, including a ixxsc biisli witli a stem 10 Indies in 
flnvinelor. sevend coinfei^, and lofty palnidiifc vn«-ns. On the terrace 
^ew lieaiitifid i^cti iu puts, including cylindrical and trinnguiar 
Ccrei and rare i am, Inrme. „nd nver the artistic pergola spread 
various dimhmg hngdit-llowcred liignonia.^ .Vix>ompnni«| b • one 
of her men 1 visited the Pedregal, a mass of t.rokeii angular hlo:'k.s of 
lava, hm-amt there jau foi Mtid by g.-cat bnbblei or blowholes. Every- 

*SiM> Miiltissen In Jtin«il»iclirifl fnr V^i 
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tiling ivas jHirdict] and iliy «t this season, and llio area liiitl been 
bumwl over, tin* guide fuiid, to destroy the mfernal” Opmith tutii. 
atta^ the laiino siwcics I hud colleetci] at Agtiascalie-ntcs (pi. lO. 
fig- 5). Here ii. is ealled abrofoSj ji name Rppligil to various spiny 
plants in Spain and SfcxjcOj Kignih'ing “cjiltriijss,’’ 

On visiting the Inst it ii to Medie^i of the City of Mexico I had the 
pleasure of meeting Prof, tialfriul V. Alcocer,\vho kindly presenictl 
me with a copy of the vtilimhle Sinononda %^dpir y Cietilifica dc his 
Plan las Mexiciinas, a work to which he contributwras col lu bora tor of 
the Into Mr, Jotss Itamirez, It was a great disapjioiiituicnt to me to 
iind that little effort had been made to form ji adlectinij of living 
CactawiB at the Instituto iletiim At tlie ifnseo Xacional I piircbased 
a caiahtguo of the phoeiiugaojous pianla in the htTbariiim of tlic 
museum, published in 1897 by the late Doctor Urbina. This work 
has lict'ti of great assistance to me, but it contains tlic names of only 
four cacti, all collected by Hr. C. G. Pringle. In the garden of th'o 
museum then? was a collection of living cacti, scarcely any of which 
had lieen identified. 1 had the pleasure of meeting Don flannel 
Urbina, the son of the ceichruted botani.st, who kindly presented toe 
with a number of his falher's bfitanical pafiers, indiuling his mono¬ 
graph on the peyote, jmblished in the An ales del SIilwo Xacional, 
volume 7, pages to 48, 1000. 

lo my great regrof- I was obliged to start northward without visit¬ 
ing the wonderful cactus region of Tehuaran. in soiithem Pueblo. 

On the way from Me.vico City to San Luis Potosi T passed llirough 
the country of the giant vlimagos from wldeh vixnaga dulces are 
made. Several siiccies arc used for this purpose, the principal one 
liemg EckiTioractm ingim. At several stations T saw- specimenF of 
these gmit barrel-shaped or globular plants awaiting transjiortntion. 
They wei-o in paii-s, luiving been earried from the moiintaiii.s on mule 
back, one strapped on each side of the animal. The rigid imjctrating 
spines had been removed liofore they were started on their way to 
market, and coimpicntJy it was impossible to tell with certainty 
to wlint spt^ies they li<?IongPiL 

At San Luis Potosi I found myself in the great tuna market. It 
was winter a nil the only tunas on side were tlie ileep purple, or la'ot- 
(sdorerl, tuna chaveiia, usually peeled ready fur eating, jind the add 
tmiii xoronochtli, with a yellowish-pint rind, luit eaten by itself but 
iml Iiko lemons to season dishes which would otherwise'lie insipid. 
One of the most Im^xirtant fcxal staples in the market was the (|dcso 
de tuna, or tuna cheese, ■ usually rnadd from the eelehifited tuna 
cardoha, hut sometimes also from tuna paehona, the hitter being 
easily dist ingujshe<l by its deep red color, while the former is of a 
SSaC—au 1008—36 
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hrflwiiIsU yellow, with the tastci of molasses candy, and of a soft pasty 
consistency. But the Eiibject of the imm as a food slapk h^ls becTi 
50 aldy discussed by uthet^T that I will nut hero repeat what has been 
ftlready said.^ 

Kear ihe city of San Lnls Poio^i is situated tlie Cerro de Peotillosf, 
one of ihe localities cdcbrated for ecntufies as n collecting ^imd 
for the narcntie (icyote, or mescal button {Ij^phopftoni wiflianmi). 
to wliicli I have already referred (pL 3, hg- 5)- To this bill and 
to Beal dc Catoi-eo, farther iiurth, the ITtiicboI Indians of the moun¬ 
tains of northern Jalisco useii to jvmrl anniiiilly to obtain thesr 
.supply of peyote, wliieh was regaitlcd by them with siiperstitioui! 
venemtion*®^ The natives of San Pt^tosi do not nse it a nar¬ 
cotic* but value it as^ a remedy for fevers. Another curinus little 
cacins ( Pel^Ci/pIiO^r^f naefHf&rmi^) (pi- H, fig* G), called peyotillo,’^ 
or ** peotillo,’* has similar virtues attribnled to itt and is sold in the 
dnig markets of the city, Many species of cactus have been collected 
in the vicinity of San Lnift PntosU by Palmer. Pringle, Pnrpiis, and 
other collectors; but ii will be impossible to enumemte them in this 
paper. One of the most interesting is a large viznagn, Echmoca^tn^ 
pfilmeri Bose (pL 13. fig. 1), specimens of which f growing on 
the hills aboEit the prt'Su, or reservoir, frcun wdiich the city received 
its water supply* Tbia plant, commonly known as Erfimoemlttx 
saltiUenshf was recbri&terud by Doctor Rose, whose figures I hero 
reproduce (pU 8)^ becanse the specific name sait{ll<emi9 had pre¬ 
viously Ijcen applied to another si>ecios of the gcmisy Closely allied 
to this arc ihe giant viznagu of southeastern Pncbla, Enhin^^cucius 
fftnndhj common belween Tehuacan and Esperansta; E. higa\^ of 
Queretaro; E. viBnaga of San l^uis Potosi; and Em wisliztym of Ari- 
Konti, from wliieh dulces are made. 

\Mulc at San Luis Potosi I Imd the pleasure of meeting Don 
Javier Espinosa y Cnevns* owner of the celebrated Hacienda de 
Angostura, nl wliichj in 18T8, Doctors Parry and Paliner w^erc ginsds 
while making their colleetion of Mexican plants, and where later 
ilr. C- Gi Pringle was entertained,^ I met Don Octaviano 
Cobrerfl, president of the Centro Agricola de S»n Luis Potosi, and 
tiie distinguished Don Luis Cuevas, to whom I am indebted for many 
favors. It gives me pleasure to mention the courtesy of a JoiiTig 

* S5t“e Palnier* Eilwni^l, 0|Tnntla FniSt fut nn article of FckiO, Wwt American 
ftciifiiiisEt, voi. 041*, trr, isjso. 

GrltnthiiH DfiTliin Bin! ItHre^ R, F, The Tuna ob Food fur Man, Bur, ct Plant 
TnclUfltrjF Bnl, 11®* 1007. 

6%ee Dlgiiet. l-eoa, Slemi fle Narnrlt ct Ae« ItnnK^ncB, p. 55, 1830. 

^P C^^^tr- ^al. Herb., Vol. 12, p, 200, pi. 20. 1900. 

PrEnple, C. Cl- Notes of Mexican TniveL Onrdon and Forest, Vol. ®, o. 182. 
1803, 
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Jloxican jrentlemun, Don Jossi; ArtoJfiaigji, who invited me to nceom- 
pnny him on un expedit ion to the magntficetit presn of Sun Dub 
Poltisj, of wliieh I hiive spoken above, 

I shall now attempt to give a short acooimt of the Cactacoe in 
genehil, their geogfaphieul dUtribution, wonderful adaptation to 
various eotiditions of soil and dimate, their vegetative and Jlornl 
eharacteriiitics, and the economic uses to which many of the species 
are applied. 


(jEorsaxrniCAi* DieniiHtTOON of CAf-racE^. 

The Cactacefp are nlmost entirely con fined to America, the only ex¬ 
ception being the gemus IlhipsiiUa, the plants of which are epiphytes, 
with pellttctd^ glutinouH berries, many of 
them resembling rather mbtletoes than 
l^ncti. It b ijuite possible that tJiey may 
have been disseminated, lilre mistletoe, 
through the iigency of hirtis. 

Several prickly jMura introduccfl at an 
early date into Europe and Africa have 
establbhcd ibenLSidvej} tm both sides of 
the llt'dilerranean, and more rccenLly in 
south Africa; and in certain regions of 
AiiRtraliu introduced sijccica are crowd¬ 
ing out the indigenous vegetation to such 
an extent that they have coDiB to be Jt?- 
garded as pesti It is quite common tn 
regard all cacti as tropical or seniitro]>- 
icnl, but there, are a number of apecios 
wliich withstajid the frosts of winter. 

At least two Opimtias extend northward 
into British Columbia,* and species of 

Echinocereijg, Echinocactus, and ilaniiDnria are incltided in tlie 
flora of ColoiTido.* 

For a comprehensive account of the vegetation of the desorbs of our 
southwestern Slates and of Mesi™ the reader b referred to Professor 
Frederick V. Coville’s Botany of die Death Valiev Expedition, pub- 
bshed volume + of the Contributions ftx,m the United States 
Aational nerl^rtum, 1803; and to Dr. D. T. '■ Botamcnl 

features of North American Deserts,” Publication Xo. of the 
Carnegie Institution of Washington, 1003. 

To the southwani the family extends to Chile and Argentina 
Gi ant torch thustles and Eehinocac ti are scattered over the pampas 

^ Sgo Piiw^ c. Flora of the state of WaijiliIiJjrtoD, ti, 3M. 

Set? Eydbofg. p. A. flora of Colorado, p, 23T, 1006. 
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of Unjpxirt}% and nidon't^l^nped Echlnopgcs nniid ihe snow ntid bail 
of tlie lofty Bolivian plateau. It is inlercating to iiotw that the gi^nus 
Manulinna. bo ^g 11 represented in Mexico, is practically absent from 
Costa Elea and tlic countries adjacent to it, tlio genera repn^ntmg 
die family in that region Isoiiig Cereus, Pereskia, Pereskiopsift, ^opa- 
Ica, and Opuntia. Tlioso genera also occur in the wanii Iluastoca 
region of riorthcrn Veracrtiz and southern TamuulipaB^ whidi b con¬ 
noted ^vidi !Han Luis Polosi by ibe Mexican Central Kail way. Melo- 
cactutt (or Cactus, as the genus h now called by Dr. J. N. Bose) b 
essentially West Indian and Cenlral ^Vincriean; jtiid the genus Rliip- 
sails raferred to abovc^ aLst) occurring in tropical America uiid ibe 

West IndicH^ extcJitls lo Africa, tlic isbind of 
Mauritius^ and e%^cn to Ceylon. 

ST1lL-t.TrKE. 

The Cactaceip Iiuto a vvtHHly axis more or 
less pronoimcf'd, usually siirmundctl by pulpy 
cellular tissue (pprendijuiin), in which water 
is stored. The transpiring surface is much 
refluced and the stomata are imially sitnuted 
ill deprcissiofis or grooves in the Icntliery 
cuticle of the stem. As nil additional means 
for checking transpiration the (.'dl sap b 
nearly alwaj^s mucilaginous, and in some 
genera then? aix? laics ducts fillwi with 
tidlky or giiiiiniy fluid. Certain species^ of 
Ecbinocactiis ( ph 6) are like great melons or barrels and are blkd 
with pulp of the consistency of watermelon rind.'* On the oilier 
hand, the stems of certain rercidcins, Pereskiopses* and Opuntias 
become quite hard and wofaly. The hard, woody, reiiculalod skele¬ 
tons of several of Op lint ia are iii^d for various purptiscs, 

such as tbe meuiiifacttirc of napkin rings, walking sticko, table and 
chair kgs, and even for venecriiig. Tti some parts of South America 
and in L^iwr.r Oitifoniia, where other vegetation is lacking, the 
stc-ms of cardoncs, or eoluiiiuur Coral arc used by the natives So 
mustnicM-ing their habitations, coitpIs for their iiuipmb, and t^veu 
in timbering mines, and of s^me s]>ecien the .slctns are dried and 
soaked in pitch for use m illiiminating torchi^. Many species have 
tuberous roots. One of thft^c, OpimHa collected by 

Doctor Palmer at .VUnm. in the State of San T^uis Potosi, k sold 

I* For an account of llie iTiinFrpImLtoii, root rtEiU irtmclurc of rarwc' 

plrffl pifftf Frfra, fiVA#af>rorfH^ aiacl f>j3V]q||Fi rtTwicninf^ see Cannon, IV. A., 

"■BlolofiSi^t r&lsUonei of certain cacti” Lk^rt BiitAntC 3 il l^lx^rator^ puhtliai- 
tiott* No. n, rfcTjuiiited in lb? Alm-r* NDtnmllsi, VoU 40, JAiujiirj-. 10OC. 
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in the niarkete of Jlexico under the name uf ^ rab de nopul,"' for use 
in fiettiiig broken Iwiics, tlie drug venders declaring llint U will i!ani% 


Lhe bones to kniL speedily. 
m.^vEa AND 

All cacti have leaves^ though 
in. si>iiie spwie^j Ihey ai^ rudi- 
meiitary, or rnUicr ves^tigiHlr 
and so sniaU tliot they can not 
be se?cn wjiU the naked eye. In 
others they are hirge and per¬ 
fectly developeili, either with 
petioles and feather veins* as 
in PeirnMa ftctilitala (iig* 10. p. 
M5)j senile and fli»shyi with 
only the mid nerve or sc vend 
pandlel nerves indicated^ as in 
certain sjwcies of Peirskiopsis 





(pL 10^ fig* 2 )^ or e^dindrieal, 
gcjiej-iv Opuntiii and Xoj>a2e», 


or awl-shaped and caducous^ as Ui thfl 
In the axiJfl of Llie Ieaii"es tire sitiiDted 
the amiles. These are little cush¬ 
ions clothed with ilowii or fdt-like 
^vofil from which the spine.^ vssuq^ 
atid ill some genera tlie flowers 
a bo. In Opuntia and Pereskiopsis^ 
in addition to (he spinea, they 
usually Ix^ar a tuft of small, short, 
barbed bristles, cHlled glochides or 
glochidia. 


srixES, 


Fia. 4,—CiliHMit 

or hairy anil sometimes oven 


The *fpines are not comieeted 
with the woody axis of the stem 
or hnindies, hut emerge from the 
arcoles, us indicated al>ove. In 
some specii?$ they ate simple and 
straiglit, either bristle like, awh 
i’hnj>od. or short and conical. In 
othery they aro l>eiit like fishligoks 
or curved and hom-like* with trans¬ 
verse riba (pi. 13, fig. 0), Some¬ 
times they are minutely puliescent 
plumose or feathery (pL 3, fig. fi). 


They may lie groiiixHl in stur-libe dusters, with straight or curvetl 
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rays spreading from a commoti center (pi. y, fig. iK <>r in 
pectiiwte. fasciies with ihts niclial spines arranged in two rows 
on cjieb aida of a lungiludinal a^cis (pL 2, fig. G).. In additioii 
to the nidial spines, there are usimtly erect or projecliiig cen¬ 
tral spinea. either straight and rigid or curved. One of the most 

striking arnLUgenients is that of spines of 
^fpriiUovue^ui^ yeomeirizam^ in which tlie 
central spine resemblea the blade of a 
ilagger and llie radials a giitiird for the 
hilt (fig. 4, p. 539)* 

Cactus spines hare been ntilked bv 
prltultive tribes for varioun purposes. 
Dr. Edward Palmer bass described the 
inenufuctni^ of curved fiabhooks from tlie 
>ipln«s of a dor tain EclimoetiEftus by the 
Mohave Indiiuis of the Colorado liivcr.* 
Ekbiiooks with straight shanks of bone 
and barbs of cactus spines were dug up 
by the writer from prehiFloric graves at 
Arica^ on Ike coast, of Chile, iu 1887. 
They were associated with other articles 
rjiiide of cactus spines, such as needles 
and comba. In December^ 1891, the writer assisted at the o{»cn]ng of 
several other graves at Iquiquc, on tlie sumo const, in which not uJily 
hooks and nccdlies of the souic description were found, but interciiting 
examples of Uie a[jplication of cactus spines to Uie mending of slits 
in ^bkiiLs wdiich bad Iwen used for covering the graves. In tliese 
ibo spines were stuck like awls 
through liotii mar^ns and allowed 
to remain with the en^ls projecting. 

Around the eud-H thread Lad been 
passed i^i a zlg;^g manner and 
drawn tiglit, tlius dosuig the slits 
tightly and effectively. 

Fbowuas. 


PuiL, fljbbbAM. 





from the iippi^r jwrt of the areoles, 
but in some speciea of MnniiUaria and allied diey grow 

from between the mammillw, or from ueur their hasc at the 
end of a gmivo ostendiiig backward from the iireole. DaniiUy 
they are ‘solitfliy and sessile, but in the ^mus Pereskin they are 
pcdiincled nnd clustered- In n early hII genera they are conapJeu- 

* Sw AniPrlcfttt NatureUKt, Vol, 12, ^ 
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ously wjIorXHl iii tiufci of orim-^Rj purple^ yellow^ oFRng^^ or 
copper color, mid souiotinics^ KtrnrleU t>ftcn tlicy ore pure white, 
graduuJly becoming^ sufTii^ed with rot^e color Ln ago. In a few 
ifpceie^ they are coniparntirdy sober tinted, and soTnetimes slniofft 
concealed beneath the sjdnes of the plant, and In ca^ 

they are sniidl atid inconspicuous, as in the epiphytal Rhipsalis^ 
Sonic art? diunml^ others no4?tumal; some open at sunrise and close 
at night or when tlie skj is clouded; otlici*s open at a ccriain hour 
and close at « ctrrtain hour of the day or night j some last for sc^Feral 
days, some for o day, and some for only a few hours. 

The flowers of Cactacese do not [xKnSess a welbdefined calyx and 
corolla, nlthoiigh the outer floral leaver are often quite sepnl-like and 
the inner ones tnie |Witals, In ons* great dirision of the fatnily, 



Fjo, 7 —liatmua itowrr. 



Fril, a.— til C^rvoa. 


wliich has been nametl liotatifi&mj they are widely spreading and 
wheel shaped, as in the genus Opuntia; in the other division^ Tuhi^H- 
/fo/yp* to which Cereus l^^longs, the floral leaves form a tube^ often 
remarkably long and slender, crowned with a spreading limb. The 
floral leaves ore not arranged in deflnite series, but form a spiral 
in wbich the scale-like lower bracts gradually assume u sepal-like 
ap[x?arance and ut length become broad and petailoid. In all cas^ 
the perianth crowns the ovary, and often after withering it ixsrsislH 
os li crown lo the fruit TJie stamens are numerous and are ioj^erted 
on die petals or jicrianth tabe. The s^de is more rtdjust. and longer 
then die fl I aments. It usually expands at the summit and a 

stigma divided into several or many rays. Sometimes the stigma k 
brightly colored and looks like a star issuing from the deri^ clir^tcr 
of anthers, atiding no little to the beauty of the flower* This b 
ospcciolly the cuu^ in certain specter of Echinocereus, having the 
bright yellow or orange-colorcfl fibimena sunnounted by an emerald- 
green* star-like stigma and Rurrouiided by [>etals of rich rose purple* 
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njd: oTflrjj though fortn«l of sevc-ral earpeLs^ is iihviiyH one colled* 
The plncentfl? nro jmrleLnl imd Iwjir an inilehriitc iniinber of iintitro- 
l>ons ovules. In some geiierB (Opnnik uniJ iin uMtes) the funicullt 
or ovule iStalks^ become thick and fleshy its I he seed» deyelnp, nnd 
linjilly form a more ur leas sugarj' pulp in ^vhidi the sectls art 
uubetldtHL 

FRUIT. 

Pereskin has a fniit somewlint like an apple in shape with a numljor 
of leufy hi^acls on I he dtin,"* so thiit in the Dutch West ludies the 
fruit of iicttieulfi is culled ^ hlnd-uppel,^^ or Iwif upple*-’ In tlic 
Britisli islands it is known as the Bairl>ados goo^seberry* and is used 
for niuking lurLs nnJ sunce^^ tTvy much after the Tiiuniier of inie 
gooselierrics. In some of the PereAkioi>scs the fruit is elongated and 
opimtia-Iike with n watery rln<l^ aa in the i\mnn de agna of friiudii- 
lujui-a, and with seeds covered with cottony hiiira. In Opuiilia and 
Kopalea the fruit b u tuna (in the nneieut Naliuuth allied 
^ nochtli Ti!ina,s are set w llh areoles like the stems or joints of llio 
plane itself, and wlien immainre hear leuveg (ph 10^ fig, G). Tliese 
eventually fall off Icuving little tufts of Imrbed hrbtlcs or gloclndiii 
in their axils (pi. % fig. C). Many species of the genus Cci-eus 
and its allies liear edible fruit. Those of the tall columnar cardones, 
culleil pita buy as,^ are often covered with tufts of wool and s|ri[iiLH, 
which are detached easily when the fruit h ripe, leaving it covered 
with sriini (pL lig^ 5), The triangular forms of Cereus usually 
bear alible pitahayas nhio (see pi, 12), some of them of enor¬ 
mous size and delicious Havor, and in Texas and iiorlliern Mr^tieo 
sevemi long-spined ulicothes (Echinoccreus spp.) are known to 
Americans sis strawberry cacti,” from Liie deliglitful fliivor of their 
succiilejit Lc^rries (pi 0, fig. 3). I have already rtfeired to the add 
Hmiis de vizoQga, as the fruit of EcMnocdcttm is i-alled 

in Nuevo Leon (pi 0, fig. 4), as well as to the smooth red chilitm 
borne by various Mamillurius (pL li, fig. 1) mid the currant-Jiko 
garambiinas of the arboreous Afyrimoc&Hrn {pL 0, fig. 

2). Vety njurh like tJic fruit of a Jlamillarsa is that of the genus 
Srdoenchis, in some species of which the little chilitos issue from the 
ennvn like scarlet radishes or erimson firocnickers tippeil with a 
fuse (pi !, fig* 2)^ 

^riie sewis of Cftctacm vary cojisiderably iq Lhc difrerent groups 
am] arc aometimps iiscfiil in mnkiiig generic determi nut ions. Tn P<?r- 
eskift Uii'y uro tKirn|iunitivEly an nll with » thin black glussy testn, or 

■ SiT J* N. Contr. Kflt, \<»L 12, p. pi. M. tooix 

t^ la Centrnl nuJ Sautb America tlic uaiuo tuna la P4ji±t^.tliiio= pppil^t to fruits 
of Cf ri'UB. 
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shell. Itt FereskiopaiH llii-y iirc covered with niatteJ Imlt^ or cotton. 
In Opuiitiu and Xopalcu they are flat, Iianl, and bony, often inncgincd 
and more or less car-shtijiod in flut-jointed Optmtias (fig. i)*), or dis* 
coid and margitiless, as tii many cylindrical-jointed Opuntias (fig, J)*), 
In Ccrcws they are glossj' black, citlier quite smooth or finely pitted 
(fig. 0*), while in Ecliinocereua they are covered with minute 
tiiberdcB {fig. &*). In Kchinocactiis tliey are pitted in some species 
and tuborculate iti others. In Hkipaalis they are kidney- 

,sha{}ed and finely gramdar, In one section of Miitiitllaria {Euinamil- 
lariu) tliey are glossy and marked with sunken roundi'd pits (fig. 0 *); 
in another section (Cori’phantha) they are frequently omootli; whUe 
in ,:lrjoearpus, wdiich is quite close to Mamiliaria, they arc com¬ 
paratively largo and tiiljerculate. In the little Pelecyph^ra a/ttUifor- 
mh they are kidney-idiaped, white in A pictinata they have a peculiar 
boat-like form witli n veiy large u mbs liens, nie sewls of nearly all 
Pachycert'i (cardones) are used Isy the Tndinrts for 
food. The “ higos do tetetzo’’ of son them Puebla 
{Packytfctismt are a regular food 

.staple and are to bo found iti tlm markote of Tehua- 
con in (he tiioiith of Mav. 



CLASSTFICATIOS, 


9 

® f 



Ft!?. 1>.-CkctllH 


Ite^lining with Pereskia, which most nearly 
luscnddos other dicotyledonuua plants, and which 
in all prolmlnlity approaches the ancestral type of 
the fniiiily, Sehuniniiii divides the Cactaceoj into 
three subfamiliest {!) PerekkioidciB, consisting of 
the single genus Pereskia; (II) Opiintioidcsc, 
composed of Opuntia and its allies; and (ITI) 

<ksreoidca-, divided into two tribes, (1) Eehinocaeten, including 
VerevM and its allies, Echinoenctus^ .l/cftwocfua, 

PhyllomciuK Epiphylhtm^ llarioio, arul RMpsalhif and (2) .I/«ja*7- 
/tfrtW, meliiding MamUlAnit^ Pi!hcijph 0 m, and Ariocarpus, 

With a few exceptions the genera and subgenera of Cactaceav tu> 
treated by early writers, are not sharply separated by definite limite. 
In many of them there are transition species which’have (diaractor- 
istics of two genera or suligcnfcra. Thus there are siiecies of Echino- 
cactius veiy closely resembling certain Jfamillarins (Coirphanthir) in 
their structure, and the relationship of several of the columnar Cerei 
is not clear. VarinuH autliorities have dividetl the old genera of 
Opnntia, Ccreus, Echinocactus, and Mamilluria into groups, some- 
tini^ regarding them ns distinct genera, sometinies as fnibgenerjt, or 
'tecries,” Many of these closely allied groups differ radii^ly from 
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one another, m In the ^stnictnre of the yot hi 5ome there 

seetu to be inter mediate fonn^^ and die flowers theiiii^Jveft are remerk- 
ably siiiiilrtr. KotwitIistanJiri|f thhi, it wiiLild be of greot asdistoiicc to 
iho student of Cactatsio to rteo;;pis5o nuiny of the so-taiDt'J snbgeneni 
a» genera^ not only for oonveulenco of ^tidy, but also to eIiow the 
syelomatic eonneetion betiveeij tlie menil>iirs of cadi group* In assign¬ 
ing the various £’:i>eoies to a particular genus it will often bo diffieuH 
tn decide to which of tiro it bdongs, but as Schiinmnii snys^ ^hk 
didiciilty can not Iw avoided unless all tlie Cactacejs he combined 
into a single genus Cactus.^ 

In the following synopsis of Mexican genera, while following Schu^ 
inann's arnnigeniciit T shall include vairicjiis giniera of Dputitioideie 
and CcreoidcEE established by Rrittoii and Itosc^ iticluding Pere- 
and CutfL^giai^ and the classification of Coreus ntul its alliea 
publkhed hy Mr, Alwin liorger in the Sixteenth Keixirt of the Mis¬ 
souri Botanical Gardetn and by Brition and Rose in ilie Contri¬ 
butions frein the United Stales National irerlittriunij voltnoe 12^ 
pngiKi41Jl to 437^ lOOft. I hji VO also cottsulted Lalxiuret’s Monognijdiie 
des Cactfei (Paris ; Engeltiiaiin’s Cactaces? of the Alesican 
Bonn da ry^ with its l^eautiful plates by Paidus Eoetter (Washington, 
1850); 14 +niairc^adcliglitful little liandbook, Les CacLccs {Pariis. 1SG3) j 
F^ursler'a llandbuch der Cacleenknnde, second edition (Leipsie, ^ 
Coulter^s IhiLofiy of "^Vestern Texas (^Vastdngton, ISOl-lSlM) and hia 
revisiioii of ihe North Amcrioin Cactnecir in voluuie fl of the C^ntri- 
biiLiGins from Ihe United States Katioriol llerbariiiio (Washingtun, 
ISIH—lfl9{>); Schunmnirs Gc^uiuitbeschnzibuiig dec Kakteen (Non- 
darnm^ 1890); and various numbers of the Monatsschift fur Kakteen- 
kunde* The plates are repitnliictiomi of pliotograplis by^ Mr. Guy N* 
Collins, Mr, C B. Doyle, and Mr. E. K Cmndalhof the United States 
I>epartment of AgricuUurcj llr, T* \W Smillie^ of the United Stales 
Natininil ^Iijseiiuu iiiid tiiysidf. The text-figurcs were dniwTi hy 
Mn Tliecdur BoItoiL principally fnitn [diutograpli^, and from the 
plutes of Paiilus Reel ter already referred ta 

STNOPats UP MtxicAN Cactaceas- 
!. SiTPFAlSlLV rEHtlSRlOllJEJ:. 

The best known reprcst-nlulive of thk !aibhimily% which consist.^ 
of the single giums P^rcAUa, is the Barbados gooseberry Per^ttkia 
a scitLmbling alirub with long, slender bmnthes arnied with 
recuiw^eil prickh^, and glossy green leavc^ like those of a lemoiL 
Tlie flowers grow' in clusters and are pedimcledj unlike those of all 


« RcRuPwati. Karl. Kepa of the A|ouo^|>]| of Cuctacc®, XJ, ^ 10U3- 




CACTACE^ OF MEXICO—^SAFFORD- 


645 






FEtl. 10.—IVrc^kln nrulrabl. 


other gienoni of Cactarew, in which they are sessfle ond solitary* 
The petals are pale yelloir or tiugiijd wUh pink^ the staoiens yellow, 
and ilie 5-raycd stigma white* The hructed apple-shaped fruity a^s 
I have already staLed, Is 
used in the Indies for 
tarts and sauces, like goose- 
tierries, Pt^rcskm tatnpi- 
II species tJosely 
allied to P^cskitt ym/ifti- 
folm of Brazil, is a llexi- 
eaii species^ which has 
only Ijeeii eollected on the 
banks of the Kio Paniicot 
not far from Tampico, in 
the tiorthem comer of 
Veracru k* A no ther species 
growing at Salmas Bay, 
on the wcjsi coast of Costa 
Rica, Pere^kiu altains the sisH? of a small tiw, and Inr^ 

yellowish-red flowers w Uh petals fringt'd atemg the nuirgin as m the 
genus Lychnii. Other arboreous species occur in tropical *\jiiericu- 
One of tliem. with long slender spines and the luibil of an 

ora nge, w as obser veu 
by the w'ritor in iS9Q 
growing in hedgcij at 
Paid a ^VreJjas, ’ Costa 
Rica, whero it was 
rallied puipotOi, or ma- 
teare. It has since been 
descrilicd by H’^elier as 
Perenkin nhoi/iitm , 
aociated with it was n 
columnar organo (0e~ 
rem iiniffoni Weber) 
with edible fruit locally 
known az^s tunas de 
orgaiio^ Ptn^^kia ^lu- 
tur/iiHilh (plate 10, fig* 
1), raillral manzanote in 
Guatemala, was col- 
iectc<l by O. Cook, of 
(he Unitol States Dejiurtnient of AfjrlcDlture, in iflO-3, at El Runclio, 
near Zaeupii, Gilntciimla. ExceUent photographs of this speoifts 
hy G«y N. Collins have iifccntly Ijccn published by Hoese, in Coulri- 
bntions from the KHtioiiai Herburiuiu, volume 12, pages 399, plates 5‘J, 


U'canidJj] 4 rL. 
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54t 1IK)SI. Aax>rtlin^ to Pnrifesssor Pit tier tlii’ fniil ia euten by 
cattle during the dry Mesaon. Tlie Iciis-shujx^J Imvo a flossy 

testa^ which serves to distingiii^ti tliis genua from the somewliut sinii- 
lur PercJskiopsi.s in wldeh the seeds ure cxivered with Jimtted Unirs. 

jr, stnirAJiiLT opusnoimLE, 

Tins hiibfftmiJy Li disLinguiiiJiiHl b_v the lejifdike cotyledona of ita 
seofls; its fleshy leiives, either btuiid and lasting, iiEi in Pprejikiopsis (pL 
to, fig, or small, terete, and cadvicoua, as in Opnnlia and Xnpalea; 
ami by the harbwl bristles, or glochidia, Ixjrnc on the areolcs* iisiinlly 
ymalJ and very’ numerous and mixed with soft wofd* These gtochidia 
nre extremely sliarp and barlsed. They iii*e I«>i>^dy attHchiHi at their 
insertion, so that they are loosened by the lightest touch und tulhere 
nioKt annoyingly tu the skin or elothiiig. In tills subfaniily the s|>me- 
Ijouringatid the flnwer-bearing areolesarcviiiiitei] into one cirmtar pub 
villus ill the nsil of the leaf Tlie ,spincs occur in tlie lower and the 
bristles in the iipiier part of the pul villus. Between the glochidia and 
Hurmondnl by them, and always above the H[>ines, tho young slioot 
or flower originates (pL 10^^ fig. These gloditdia ctJire^pond with 
tlio bristles and wc^ol in the axils of some Erimainilhiria and with the 
toiiiciitufii of the floriferous nrcole in Coryphantliii and Kchinocac- 
ttisi hilt they an? quite distinct niorphologirally from the apines 
tlicmselves. They continue to grow year after year, bi^eoniiiig longer 
iiTui moi^ nuiuerutis^ and in many species the spines Llieinselvus con- 
tiiiiie to grow niid increa.se in numlwr^ 

1. Thia genus, with broad, fleshy leavers, tieeilk- 

like spines, glodiidia, opuiitto-Uke fruit, and seeds covered witli 
miiitid hairs, is represented in Mexico by seveml species. In the 
dcitiity of fiuHtihilajam the fruit of Pere^kiop^m (pL 10, 

fig. 2) b guthtr\*d for food and ^old lu the mnrkebi as tunas de 
ugua. ’ It has anlKspatuInte'eHipticnI, sessile, acuminate leaves, wliicli 
are oliscnrcly ri-nen^ed- The aneoles, ’ivliicli are scantily proviiled 
with wool, bc^sir at length usually a single white- or gravLsh spine 
tipped with brown. The edible part of tlie fruit k the watery 
ehdocarp^ or rind, which has an agreeable odor and taste^ sonicwhat 
like that of an apple Hie sceck are margined distinctly, with the mar¬ 
gin prolonged into a kind of lail-like process extending over the 
fimii ulus, or seed stalk, and are clothed with cotton dike fibeiv Conse¬ 
quently they are quite different from the smooth, glossv. lens-shaped 
see<ls of PertL^k, and would alone serve to diiftingnish Pen^kiopsis 
fixmi that genus. Another 9f>ecies from the h 4 ime IcnmUty is Pefc^khp- 
with broad, spatnliite leaves and prominent 
cuhbious of felt on the arcoltoi, from whifli several long, slender^ 

« Eiij;elJimim. CiictoccfP ef tlie Mejcltau JUixtUilnn, \\ 4r^ 1830. 
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netttflk'-like lirown spines protrude, Tlus Pinnies is locally known A5 
'^iilKlerilio/' pr tasniillo^"' (tom its resemblarn^e when leafiest to 
the tnio tnsajillo {Opnntm h^ptomulk)- Other spec!ess are th©slender- 
stemmod PerrMtif}jm,s P* pUifOi^At of Tehuantepec, the 

very s^imihir P- t^mndef/eei of Ltmer California, P. ^Aupii^tlr of 
Onxoca, anil /^ potieri^ the ’’ yellow rose ” of Sinaliia. 

2* Opfiiitia *—Formerly this geiuis was dirided into two section??; 
Platopuniiu, indiidiiig plants with flattened jointit; and C.vlifidro- 
piiiitia, wdtli joints c 3 dindrical or terete. Various other classtien- 
lions have Ik^oh projxised, the late^t and mo^t sjit is factory of which 
i.H that of Brit ton and who divide the genus into a nuinijer of 

groups which they call 
Among those txrciirriiig in Moxico 
are the following! 

Clavatoj in which the joints 
are eylindrical or cliibshaped and 
the spines unsheat hod. Exam pies: 

O/iuniut bulhisphui^ a prostnite 
species with spines bulboiis at the 
l^asCj often fomiing thickets in the 
State of Coahuilaj north of Par¬ 
ras; of Chihuahua 

and ^nora; and Optmtia Arad- 
limia {Ctrcii^ hmdtianm CottU.)* 
a eercus-like erect species growing 
in Coahtiila. 

Cylindnici^j w'ith compara¬ 
tively stout joints, and spines 
sheatlied in sicalihardsSj including 
the coyonostliKt *Jr cardendvesj OpHHtm imbricatu and O. arhor^itceiw^ 
and the clavellinaSj or abrojos, Opirntia tunkala (ph 10j fig. 5), 

^ilonucanthiri als^i with sheathed spini^ but with iflpjider-brancheii 
stems and a bushy iiabii of growth! inchiding the tasajillos of norths 
ern and cenlrat Mexico Opantia hptocatilh (fig* 12) ^ with scarlet or 
coraUred fruit, and 0. kleinbr^ with soinewhut stouter Sstems nud 
ycllowisli fruit. An interesting feature of these plunt^ is that tlic 
fruit is often proliferous; that is, bmnrhcs and Bowers frecpieutly 
grow from the arcoles of the cuticle covering the fruit itiiclf. 

Pubescentcs, with pubescent joints and sometimes without sj^ines, 
though iiffiiall_v rich in bristlei*; Including Opuntia rufda ami O* 
mieroda^ys (pi. 10, fig, t), usually called nopalUlos cegadores,” 

^Brlttoa Kind Rose. A treatment ot tbe Ouaatlolde^e of North 

Amerloft* HmttliBanlim atlae. Colt, vol. 50, p. 503. 1908 l 
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and aiicj 0^ ^hirh \>ear th(* tnnaa diirax- 

nilloa of Durungo imd centm] Mesjco. 

Criniferftj \rith long wckjI growiDg from its nncoleSj mirliiding tha 
nopal LTitiitdo of the ^tato of Puebla {Opunti^ pififera)^ 

1 ulgares^ prc^trate plants unarmed or with a few spines, incltid¬ 
ing our own little prickly pear of tlw eastern United States {Opuntin 

Suhinermes, upright plants scarce]}^ armed at all or even spinolcsS) 
including tlic nopal tie tuna Castilla (Opuntta no^ so 

widely sprt^ad at>out Uie Mediterranean and in tropical Amrricnj the 
various varieties known as tunas mnniias-^ C^tame prickly p^jai^”) 
in Mexiixi; and the lima caniuesa hrrepi)* cultivaieU almut 
Quoreiarcj. 

Seti^inic, low plants w ith small joints and fine bristle-lLke spines, 
including Opunfm fUp^!^nduta and ^ti^pina of Texas and 
Chihuahua. 

Timip. busliy plantj^. often with abundant yellow spmes^i. includirig 
the common prickly pear of Texas and Tduinulipas {0. liudheimcrt) 
the cuija cnija) of norihem and central Mexico^ and <?. (una 
of the West Indies und ganlens of Mexico, with edible red fruit and 
yellow' gr red Oowers, 

hiilvjspinosse, bushy or spreading plants with brown or partly 
brown spines and fleshy fruits, including nopal dc raiic of the Alvarez 
Mountains 0, cnpelmamii of northern Mexico and 

Texas, and 0^ {trismira (pL 10, fjga, S and 0)* 

Albiiipinosae, robust plants with white spines and broad petals, 
inehiding Hie tuna cardona {Opunltu ^IreptacantM) of San Lina 
Potosi, fi-om which such enormous quantities of tuna cheese ” are 
made^ 

Stenopctalre, layge white-spined plants with narrow petals, includ¬ 
ing Opuntlij stempetula^ which was first collected on the battlefield 
of Buena \"ista, south of ^Saltillo, Cnahnila. 

The flowers of Opuntia (pL 10, fig. 3) are for the most part yellow 
or orange* but in some species they ore rose colored or crimson. One 
of the loveliest is the rose-colored flower of Opmtid bumlari^ of the 
fioutliwcstern United States^ In all cases the perianth operi.^ w^idely 
IIml the stamens are not so long as the petals. These features serve 
to distb^iFh the Opuntia from the closely allied genus Xopalca* 
llie fruit tuna of many spades and varieties of Opuntia (pi. Jl, 
fig. €) is wlihlo and is an important food staple.- The yuimg, lender 
mucihiginouri pads arc cut into stripfi nopalilioa ’*) and cooked like 
siring beans, and the pads ('‘pencils”) are aho extensively used as 

rpTliSttkH, Dorid. aacl ttnre. R. F. The Tuna qw fooa for man. TJ. 

Dt^pL Jifir., EtOP, Plant raUuetTy BhI. IID. 1901, 
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fcKJtl for cattle hi arid regions. The rigid, sharp spines witli which 
most species nre armed (pi, 10, fig, 6) h a serious drawliack in feeding 
tJiem to cattle, bat these are fteqitetiUj remored by .singeing the pads 
with a lordi. Efforts have been nmde to propagate spineless forms, 
and these have in many casc^ been successful/ 

3. Nopmt^ti .—This genus is closely allied to Opuntia, but it may 
easily be distinguished hy its flowers, the periantb of which is erect 
instead of widely fspreuding, and the stamens are longer than the 
petals, thougli tliey ai-e exceeded by tlie stylo. The most important 
species of this genus is the ^ nodie^nopaHi on 

which the cochineal insect la reared. The flower is of a beautiful rose 
color or rriinson. The fruit is edible, but is inferior to mo^ of t!ie 
Opiiirita fruits sold in the 

Mexican markets. The ft 

fjlants are usually more ^ 

or less tree like, growing 
to a height of 3 or 4 me¬ 
ters, witli the tnink and 
older branches cylindrical 
or nearly so. The younger 
parts ore flat and green, 
the joints oblong or ovate 
and compresaid, usually 
spinole^ wheu young, and 
lH*aring small, flesdiy ca¬ 
ducous leaves like those 
of Opuntifubilt sometimes 
becoming spiny when 
older. This plant was 
extensively cultivated by 
the Alex Jeans before the discovery of America, for iVie sake of the 
dyc-yielding insect which feeds upon it. Its cultiii'aiion was after¬ 
wards introduced into (luatemala^ Honduras, the Canary lslaiids| 
Algeria^ Java, and Australia. In recent years cochineal has largely 
been suppliuiteJ by aniline dyes, and ita cultivation has l>een dis- 
coniitiu^ in nearly every place but Ihe Canary Islands. The prin- 
ei[>al $ourees of its supply were former Ij the states of Guerrero and 
Oaxaca. Other species of the genus growing in Mexico are iV^pal^a 
dejcclfi (called nopal chaniacuero, at Victoria, Taniaulipas), which 
has narrowly ohloug joints armed with whitish spines, and A\ kar- 
which grows in the vicinity of Colima, on the Pacific 
coast. It is probably tliU> species which grows about Guadalajara, 

^ See Grtfflths, David. Tbe Prtckljr Pear m a fanu crop. XT. &. DepL 
Bur. PltiDt Indliattr Bull 124 . 1008, 
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iri the- Stiite of rraJi&eo^ where it m called ^"nopnlillo de flor/^ A 
rtew (A^ with Ilnoar rcdesed Jeavi^ tind very 

M{)iny areolea was de^^Hbeil by Doctor Rosa frorii siwcinieivs 

cfdteclctl in Guntemala by ilr. WUliarn U. of the LinitcH 

States Nntipnn] Alij^cum. According to Professor PittieFj who ob¬ 
tained flowers and spinels of this spccie^^ at Zocapn, it is locally known 
as tuna Icngua-de-vncns or cowVtonguc prickly pear/' Figure 14 1 
page 4IJ)t w-as nmih from Professor Pittier^s [jliotograplu'* 

m* ©DBrAiELLY CEE£01Dll£. 

In this group there nre no glochidiii, the spines are never barbedj 
aiiil the leaves are reduced to scales often so minute as to lie invisible 
to the naked rye. The ovules are nui covcml by the c,^paiided fnnii> 
uli; the scccLij instead of lieitig bony and ivory colored^ as in the 
Opuntioideu?, have dark, tluii^ glossy shdbt either quite sna3oli^ or 
pilterh or coveted with wartlike tnl>erck'S' and the cotylerlonsj instcml 
of lieing leaflike, an in the Opnntioi<iea?f arc more or less ghilxjse, 

Schninatin divides this giubfamily into two tribes: ^1) EcMnocac- 
including Cere ns and its aUics, EehinojisLs EchinocachiSj Leuch- 
tenbergia, and ilelocactus^ fonniiig the sublril>e which is 

characterized in groeral by stout, spiny sterns^ and Phyllocactus, 
Epiphyllnni, Hariota, and Hhipsalls, fonning the snblrlbe /nfir- 
with spineless and leaf like or slender cordlilvc stems: and (2) 
Mamtllarwd* including Matnillaria and its allies^ Pdecyphora and 
Ariocarpii-s. 

In most of the Edunot^ctese the flowers are tubular and the ovary 
and fniit eitlier scaly or covered with little lufLs of wool from which 
spines issue. In Rhipsalii+. howe ver, the flow-ers a to w heel shapetL 
The fruits of some spedcs of the Cerens group are unanned, while 
in C^acliiB (Melocactus) the smooth, red, club-shaped fruit nsembles 
tho ‘"chUitos^ of a Mamilbria. Areoles, or pulvLlii^ ns they are 
soHietioies called, are composed of two parts^ aciilcifcrons, or spine 
bcariiigT nnd florifennis, or flower bearing. In Echinocfictus these 
are either united into a single areole nr are separated b\’ ii short 
groc>vc (as in Echinoc^'tm ^‘‘heeni). In Echim^i'^rcfi^ the flow’cr or 
Young^ hud biii'sts tbroiigh the epiderinis alaive and close to the 
^piiiiferous areole. On the other band, in Boiue divbiions of Afandl- 
laria the opine-Iwariiig and flower-la^aririg al^eo|e54 are quite separate^ 
the I lowers appearing to spring frotu l^erweeii the tulierclK of tlic 
plant (pL ill fig. 1 )t while in the ^^iihgenus (or genus Coryphaijtlui 
the two arfiolf^ are joined by a long groove, and the flowere* growing 
froQi the nascent or very young tulwcles^ a]>pear to spring the 
npe.\ of the plant (pL l b fig- 3) very much us in the group of the 

>* floMCv N. NopnJfn jmatcuialearilp, n ik^tp <3icttuc frnm Ouatemak, Id 
fvmilttfiODlna Ittae. Collections, toL 50, p. 330. IW*, 
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tiibcrcled Echiniic.'acU lo n'hich E, kenatedftiphiyrm (pi. I3j fig. 3) and 
E, ipl. 3, fig, &} btiloug.* 

Tribe EcMnaeaeieee. 

L Cereus and its attic *,—^Tlie pkntA which hflTe been grouped to¬ 
gether under this name vary conaidcrulily in the characters of their 
flowers and fruit. They naturally form so^'eral distinct diTisiooa 
whid) litive bei-n rcgnrdwl'by varioua authors as suhgeuera^ or, in a 
few raseis. as gen era. Among the most recent authorities to treat of 
the gixMip are Hriiton and Kose^ who have established a number of 
new genera and have raised the giant sahtiaro, or sugnaro. of our 
aouthwei^tern deserts into u moiiotypic genus, named Camegiea,* after 
Mr. Andrew Carnegie, to whose generosity the Desert T 4 id 3 onitory uf 
the Carnegie lustttiUtou owes its esistencfc.® The most iinpnrtaiit 
studies of the genus thus far have been those of Mr. Alwin Berger, 
published iti the Sixteenth Keport of the Missouri Botanical {Turdeit, 
and Britton and Boso in voluiue 19 of Contributions from the 
Kutional Herlmrium, pngc-s 413 to 437, IflOS, From the classification 
of Berger and from Britton and Bose I take the following list of 
genera: 

Cereus, oa understood by Britton and Rose, includes Cereve ftera- 
(usually calle«;l (\ perutuanug) and C, Jamaeant, nigiit-flowcr- 
ing cacti with columnar upright, branching, ribbed, fluted, or angled 
steois and brancln^, and heautifnl W'hite flowers with nuiuerous sta¬ 
mens and many-rayed stigma. Though of South American origin 
these species are now widely spread in the West Indies, rlie first aJifo 
in Central America and tropical Mexico. 

Rathbunifl, nameil by Britton and Rose in honor of Dr, Richard 
Rathhun, Assistant Secretary of the Smithsoniai) Institution in 
charge of the U. S, National ]tfuseunj, includes several species in¬ 
digenous to the coiwt of B'^estem Mexico, among them ItatJibwiia 
almiofifTnAifi {Verem alamMensk CoulterV, a pLitit with sliarp irregu¬ 
lar rile, brown velvety areoles, stout apiinss, and bright ^lon-colo^ 
trumjtet-slinpeil dny-blooming (lowers, first collected by Doctor Pal¬ 
mer, near AIam<», soutliem Sonora. 

Nyctocerens, the tyjie of which, jVycrocerews serpmtiimg, called 
jnneo eapinoso in the State of JalUco, is often seen in colletrtions. 
Tills species has straggling cylindricai fiuted sterna and branches with 
intPicroua areoles liearing u tiift of ivhlte wool and weak radiating 

« aiuelliiaiin, fli-orsv. f%it-nicc<r of the ^rcxrcfln noTindarr, ii, 40. is.litt 

* BHtton. N. |j.. Dial J. x. A New (ioaiiB of Cmrbicecc. .Jouiii. New 

York Bot. Garden, vul. 1>, jn. iS5i lOtR 

« »eo Frcdcrtck V., aial MucDouKal. Ix T. " Desert Hutaalcnl tjihora- 

lory of IJie fTlirni^le Instlmtlon,'* Putillcntloa Jfe. G of tlie luirtl tut loti 

of WRsliInKtoa. 
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bristlc^Hkc spm^^3. The Inrgc white nre night blocnung, and 

the fruit eontaiiis a few large seeds imbedded in red pulp. 

CeplialorerenSj in which the flower'benring portion is differentiated 
from the rest in Oie form of a woolly head, or eephnliumj near the 
apejc of the stem, cither ^Tumetricul and terminal 
or one-sided^ The fruit (fig. IG), covered with a 
Ijare skin bccomea shrireled with Jige. E^siiniplea: 
OepAatocerem tlie calicKa de vicjo^ or old 

man's head, of the limestone diffs of llidnlgOH, 
CiUiinu|uato^ and Puebhi; C. of L^ds 

Potosi; and {7. palf}l^^r^ ("organo'*). of Victoria, 
Tamaulipas^ 

Lrophocereusj in which tlie stem and hninches are 
ribbed very mMcli as in jryrLilhjeiictnSj and the ai‘e- 
oles are remote on the sterile portions bat crowded 
on the flower-bearing hruiichc-^ and on the hitter 
produce short white wool and long slifF bristles- 
Ejtaniple: Lophot-iereu^ the siiia or j^iniia 

(pld-man cactus) of Sotiam and Lower California* 
Myrtilloeactus. whidi may be recognized by ilssltort tniiikH, bhilsli- 
green biwnches curving upward, witli siJt rilw, whtcli form a starlske 
cross section and are armed with stout dagger-lilta spiiiijs, usually 
witli a stout laterally compressed central and 5 radials alwtit its base. 
Example: gt^om^trismij* (pi, 11, 

fig, 1) which yields the ^lall fruit called 
’"garanibullas.^' 

PiiciiycereiLs inchides fioveral giant eardones of 
the Pacific coast region^ among them P. prm^ki 
and P. peeten-iiboriffmum. The first of these 
may bo recognized by the little epherea of yel¬ 
lowish tomentum with which ibs fruit is cov- 
cml (fig. IT); the second by its spiny fruit, 
resembling great cJiCstnut burs, which the In¬ 
dians use for hairbrushes. The seeils of these 
species arc parched, ground, and used for fomh 
The common organo of central Mexico, is placet) 
in this germs by Britton and under the 

name Pttrhyrerem {Cert-m gemmatm 

Ziicc,). This species is much for hedges 
(pL 11. fig* 2). Its fruit is not edible and the 
nrcoles are so close together as to form olnioiijt n continuous line along 
llic rite, Tlie spines are short and inconspicuous and often become 
olftiolete on old plants Another Hpe(.ucs bf^Ioiigiirig here is the teteizo 
of southern Puebla (P. co^nmnfhimjafd)^ 
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Escf>iilriii izicludc£> ji single specieisi iUe chiotillA^ or xIoUUa, of 
southern Puebla and C)axac4i {Cem£j» chio£in^ \^"eber). 

Cftmegiea includes the ginnt ^huaro^ or SiOgiuim (Cerem ^igan- 
ieu^}^ ali’cady ^referred to^ Uie fruit of which^ callcfl pitahuya/' h 
an important food s?tHpIo of tlio Indians^ but la noLsi> highly eatiH^incf! 
as the pita bay a dulce of Lt^r^kaireoe^eu^ IkurberL 

I^mairtNx-ereiia. as proposed by Britton and Rose, includes plants^ 
of widely different habits tfnder this genua are placed tbo pitahaya 
agria {O^reifit Engelm.) and ilie ehirtnole, or chilcnola, of 

lAiiver California (O^reus erutii Bruiideg^), both of them prostrate 
pliints tilth ^arh-t pitahayas conitaining pleasantly add pulp; the 
columnar pitahaya duke of Sonora and Lower Califoniia {Ucr^uif 
thurherl Engehn*) ; and Iho pitahaya of llexico and Central America, 
Ccrc^s grise^s 11aw* Salm-Dyck)^ figured by Hose in 

voL V2 of the Contributions from 
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the National Herbarium, pL 07, 
from a photograph taken by 
X, Collins at El Rancho, near 
Za^-apa, Guatemala. Another 
Species assigued to the genus i^ 

LVrcifjir wtberi Coulter {Cerews 
rrfnd^hbrnm lVel>cr),the rnasdve 
orgnnq ih> churacteHstic of tbo 
stienery about Tomellin, on the 
way from Tehuacau to Oaxaca^ 
with its numerous thick crovrded 
vertical branches rising from a 
diort. cent nil Irunk. 

PeniocereuH* with the single species Penii^c^rem greggii {Cereua 
greggii Engel m.) is rctnarbnble for the enormous fleshy root, from 
which the slender l-riblied or o^ribbed stem rise^ The largo white 
nocturnal flowers nre remarkabla for their very long sletider tube, 
Ijcadng small clusters of spines on ite outer surface. Tlie ovoidi 
long-acuminfite scarlet fruit, beitring elevated spineless arcoles, is 
eihble. Excellent figures of this plant are published by Rose fL e-, p^ 
42S, phiiew 74 and 75) from photographs taken by Francis E, Lloyd 
near Tucson. Tlie range of the sjiecies extends to northern Mexico, 
Texas, nud Arizona. 

Hylwercns includes the well-known C^rem Irimigfdarh and Cereua 
frigtyjiifa^ a.^ well as C* Of^amp&nia and napofei^is. There is much 
con fusion l]ietwmi the first two mentioncih but /Iglocareua Ingon^ia 
(pL 12 ). foimdej b,v ITflworlh on Pliimier ’3 plate 200 , Bgiirc 2 . pub¬ 
lished in 1755, way be cceogiibed by the salient points oi its uugitlnr 
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rihi^ which h^ar thp nrcolcA. whik in 17* irk/nffuluriH tln" iireoles are 
borne in the notdie$ of the crenetidns of iis^ coiuprcs^ed wbig-like ribri. 

SelinixrereiiSj with large whito ftn^^ot nigbt-blnoinitig floworiSy 
indode^ the qneen-of-the-night cactiLS {Cerent known 

in Tiitnaulipflii, ilexico^ as organillo; the eominon “ night-blooming 
oereus'^ of our conservatories^ CercuM pft.-reLittAm n^cticafus 
lJuk)f and 6’tffritiaf with I'oinotc book-like processes tiloiig 

the ril>s. 

Attintlii}cere'iiST as treated bv Sebumann, liaEt a single species wbidi 
has received various names: priitrepat F^feifT.^ Oerem varii^bilh 

Engelin. (not PfeitT.), anil f*ereus ha^^tuiefuifjf Kanv, It has now 
i>een identified as Linnaeuses Cactm pentfjf^owffs^ and dioofci there¬ 
fore Iw culled Ac€ffithf>rert>m pentaff^tm BritU and Eose^ It in a 
night-flowering euetus with em*t or reclining 51 to angled stems, the 
areoles distant^ Ijeurlng 4 lo fJ >rtoiit. radintings iiueipml spines. The 
flowers bcivo long tiibeSi gi'ccii ifiOpala aiid white the 4>val 

spiny fruit {pitahaya) is bright scarlet with thick black seeds and 
luseioiis red pulp. This spL'Cioa occiir^i un both sides of ibe Eto 
Grutide and e^rtendB southward along the Mexican coast mw Central 
America* It also occurs in the West Indies. 

IleliocereUinT witli crimson or purple-red llowerSj includes the well- 
know'll of conservatories mid the vciy cloticlj allied 

C. coecfn^m and JtchmfikiL In the state of Jalisco //. ap^citksii^ is 
sometitiiKis called Sanlu Maria* or xotilacuU. It has large purple-red 
fiowci> with an iridescent bhrtEfh center, which remain open for 
several dayy. The % to & rilM ju^ siTruted^ ihe aretiles <X‘eupying the 
short upper side of the serrations^ be^ir while wool and clnsleri^ of 
Ij to 8 stiffs slender, diarp-pointed spines, the iincler one yellow' and 
Isristle-like, 

Wikoxia includes two slender-stcnimcd b-pecics with large fleshy 
roots: po»€lrjiri {Cetev^ labtrotm Poselg.), callcfl sacasil in 

XiievD T^Oii. with .stems ns thick as a lead pencil, purple llowerH, and 
woolly fruit bearing hkok and white bristles; and Otreiis ^tiriatu», 
with sterns no thicker than f4raws, soft harmless spines, purple flow'- 
cr^, and lu^arkt. spiny fruit. The hitter specie.^ was collected by 
Dr* Edward Pa I nier on Carmen Island, (1 u 1 f o f Cu 1 i forni a. I i occut^ 
ou tlic peninsula of Low'er California and in Sonom, where its com¬ 
mon name h sacomatraca, snramutrura, or pitiiyita. It is identJcAl 
with the plant describial by Weber its diputin. 

AporiK!octiis includes the i^Iender stcmmecl ratdiiil cnetus, Cereti^t 
(fig* with beautiful rosni-colorcii criniwn zygo-^ 
rnorphic flowcns w hich are sold in thv drug markets nf Mexico under 
the mime of flor ik cueruo, for use iis medicine* 

EchinocercuH Lh characterij^ed hy diui-njil flowers, laiTiiparalively 
short and rarely tubular* The ovary and tiil>e bear prickly and woolly 
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1^.—^Apo rocactiu Ai.|^lllfOir- 
tpim* 


□riHjles^ tlif iloml k'iiives an; usually sbowy audinoro or le^ spread 
the stamen.^ numerous and iruscrtetl along tJie lulje^ the stymie luiigar 
iind ending in tlie severuhrayed grwm ^ignia (fig, iti)* Schu¬ 
mann recognizer several nittjwtUiis; mnuiig them« SiiUinormes (in- 
dluding puk'Mlm and t\ ^uhtm^rmU), Froestrati (including 
E. ^cAceri, E^ bert^fidieri, E. prtfciitn- 

~ E* E^ ^hUiicicajitkas^ 

A\ ^ Erecti pecluieti (includ¬ 

ing the |KHi;tiiiatt4y spined E^ cienoidt^Sf 
E^ chlotant/iii^^ E- tonght-lu^f E^ 

E. E. 

Ereeti deealophi (iiiduding the needle- 
spitiCil h\ t\ ci>nglmiu^intii4i, E\ 

E. mcrkcri, h\ 

Among the plants nieniioiied atKJve A’* 
f“nicriafvff?cn^^ with decumbent clti-Stered Fta, 
stems, yielda an edible *^piny fruit with 
llie flavor of a raspberry ? several of the jiectitiate spined forms have 
zoui^ of reel and white or yellowish^ owing to the eokir of tiie spines^ 
and are known as rainbow cacti and A\ titmmmem its close 
allieii aia known as stiawliern' cacli^ from the iHlihle fruit they hear. 

tVwFw frmtA.^Thi} fruitH of many species of Cereus and allied 
genera are jidcj^ fine flnvomlj and nulritioiiH. Their general name 
throughout Afexic^ii is piluhaya, a word of Carih^ or Iltiytlan^ iirigin, 

early brouglit to Mexico 
hy the Spanisli conqnkita- 
doroSf and soinelijnes inodl- 
Jiecl to pitaya^ or to its 
diminutive form pitayita. 
The following description 
of a pitahaya was given as 
early as 15M, by Oviedo! 

PltnliDja la a fr«3t af the 
size of a doaed more or 
le!^ aed ihls Is Lho eommaa 
fIzol Tt le home oo eerlulti 
vety srlnjr and atmagi^looklli^ 
thliftles, ^Iilcli are- loaUme hut 
tuiTe a t€w bmaehes nr ions 
anus ffaieh take the phicc of 
hnihcb^is and lEravcs, Theue are four angled and lun^t&r* each branch or arm, 
thaa the nrui lectirUi of n maa; 4iud l^etwern anj^le ami nii 4 ^le a uroove:, and 
an nil these aaatea and at lulervuls an? borne wrtalii stoirp aad [iotikte<i 

H|jlaca us loag ns half the middle Huger of Ihc haait or morie^ arniuKcd three by 
three or foiu by four; uiid auiou^ thotie leaves or bnmdu.^ such ns I bavo 
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iltaieribwl is iKjrnt' »i1h fruit cftltuJ “ [tlMlmjfft,'' Tfi-hlcli is vt^ry mL lUte rosy 
criniBoiip jilJ tlie miiuo sIpilSos “ sCHilea on i1m> tJiougli tln?y ntv mit sadi^ 

HujiJ U hus a tlilek akln^ and tMs wbon \rllli a knife (^bldi In floiiO i^eidiy') 
ta fiiU ihf Uitia i^-da wlllilD» like a Imt Ihs^' an? tnlieil wltli a or puJp 
wJiEoll. tiwtkor |3ie SL«j 0 i, Ib of a flnecfliowno c(»lnrj nmi ilia wliolo iJilxtaro+ 
secHl-s nTicl ulU vtitan, ana wkaterer It toaolips ti^malna or nMl ua 

tonclicd by niulljerrl^Ht, a ml evoii more Tlie fruit Is irliul^fiioiEe und la 

rollfdLi^d by luany, but ] aUoutcl tn*efor miiuy oilier^ to iti It affeeta the urine 
tha Himo an tuuiiB, tbaupli not so qtileltlyp bul two Iioiira after two or three of 
ihaia are outoii the urine inJitearB like blood Itself. Tt is not n bail fruit nor 
Lnrtuful, and arif>«irs well to tito wijcbt, Tbe ihlstJes on wbk'h the?*e iiltaluiytts 
nre Iwfiie arc an iibiio£lau>! ihla^, nml of nitieU utnmjgsMkees ibclr foruiB, the 
wbleb are and tiie iqiLnes i:rny or wliltlaliT nad tbu fruJt red, na I have 

i^ld, and ns I luive dniwii It (pi. % di;. 3). In ruinorlnt^ b pitalillyn from 
where It i,T»wa tmo must not t^e In a hurry, nor be without caution nnd n p^axl 
knife, heenuse thaBe iblutlos arc close together, crowded- and runny, and tary 
well nrfaeiL (itbar tiUalJiiyas llicre \h.\ wlilcU dSCTar ncllliur more nor lesw fnim 
the tmc« i Late descrilied. tn^^ether with thdr thlsUes^ In any njanner or in 
tnALCr bui only In color ; lief^nuae tUeisie otbers are? yellow and wlmt 1^ within them 
In wbltr, which Is nnd iLo 111 tic sccils nre td4ick,^ uml lln^y <10 nut cause 

any change In tUc urine. I Imtc made ink of the first kind and wrlLtcn with It, 
atiil lE iB of ei<!e»ciiil color. lN>lwft.m purjilc and briglu ciims?on « 

llic identit)^ of Uw plain d^st^dbeci by Oviedo has not beeii estnb- 
lishetl. Ii may jiossibly \m the variable A^c^nfAoecreHs pcfitagonn^- 
The flccoQipauyirig figure (pi. 12) h a jjkotogmph by Mr* N. 
Collinfi of a plaiil gniwing an Ibe idaJid of I*orto Rico. It eorre- 
spontls perfectly witli Rlumier’^i plate 200^ figure 2^, on which HaworUi 
foiindcrl ilie fipecic^ Oer^m and diflferj^ from Oviedo^s plant 

in tlie sliortiiesa of the spines niiid in other rcsi^ects. The branches 
of tile species here dgured are sometiines triangnlnr and sonietimcii 
cpiudrangular^ The fniit is ro,se”CoIoi'ecl on the surface anrl it Ls til led 
with white* ngroeable-tastiiig pulp surrounding tfie iiiimeroiis small 
black seedsL^ (riffanm is characterized by salient points 

on the rib*i% which Iwar the areoli^. In //* ^rtun^fulart^ ihc areolar are 
situated in the notches of creontions. Closely allied to tlu' lutter 
species i4 n triangular cereiis growing on the gunlen walls of the city 
of Giiaduliijara. necenlly tUt^cribed by il* Robert Roland Gosseliii 
under the name Cer^m (pL G* fig. ])* This plant h char- 

tictcrized by its sharp, thin rith^ which are protnioentlj gibboiLs be¬ 
tween the areoles. The spines are quite small and few in number^ 
^metimes only two^ or even solitary. The fruit is sold in the inurket 
of Guadainjaraj bc^th fresh ond dried, under the name pituhava. 

sOvlrUa. CMi. y Nat. fie brt TutUaii. Ub, 8, Cap* ^ pi. 3* fig. 0, 1535. 

Ed. tif A&anlor fie Ina Rloa, p. ail. 18S1. 

Cook aad CoUlna. TtH^ Beaanmic PlanlA of Porto HScol Contr, U. S. 
Natloual Hcrbarlaiu, vui p, 112, pL 35. 1JJU3* 
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t4tfLi, fruit dhIH^ H|>r. 


The pitAlmyud of Citi^n&gka ffigant^a of Arbsonsi flnti northern 
Sonora were noticetl as early m Ils-W by the tuenibei^ of Coronado-s 
ox]^itioii. They are not spin» like Uie friutij of Pachyecreus, and 
they hurst open when ripe. The piUihaya dulce {Lerfiaireoc^r^us 
thurberi) is niiich sweeter and is covered witli 
stout spines, which grow in clusters from lil- 
tie Mifts i>f wcmh Aiiulher columnar inicius 
wuth spiny pitahayas h gumrel^r^niiis 

of southern Jalisco, Querctaro, and Guana¬ 
juato. The most Itn porta nt odibie pUaliaya 
of cent nil and southern Mexico is L^mair^o- 
(pi % fig. fOi ^ spherical fruit 
bearing mfts of spines and wool, somewhat 
resembling tlio pita hay a dulce of the west 
coast► (pi* 9, fig, 

2) ben re the well-known little ganuubullai? 
offered for sale in the market, either fi'esh or 
dried; and in norilieni and central Jlcxico 
several species of Echinocereus, locally known 
as strawberry cacti, or nlicoches,” bear delicious spiny }ntayi;as 
(pi. 0* fig. highly esteemed by the natives, 

2, a 7 td allk ^.—Under the genus Ecliinocactus 

Schumann includes several groups of cacti regarded by him as sub- 
genera. Some of them are trciitcd by otiier authors as distinct genera, 

although there occur forms which 
heeni inlemiediate between two ur 
more of the groups. Mliether ur 
not these groups be regardci] its 
geneiti, there m no doubt that by 
separating them from one another 
and ealiing them by their distiuctire 
nanus greater facility will l>c found 
in recognizing the dbitingnbhing 
characteristics of lUc. various specie’s 
and their study will be tnncli dm- 
plifii^l 

They may be defined a& fleshy 
plants, globular^ oblong, or eylin- 
dri<^al in shtipe^ with vertical or redlating ribs* or rows of vertical 
or spiral tubercles, which are usually armed by stout spines The 
leaves are reduced to microscopic vestiges or are obsolete. The flowers 
spring from areoles very near those which subsequently produce the 
spine ?^4 The fjerianth tube is prolongeil beyond the ovary, and is 
usually covered with scales, either naked or bearing tufts of wool 
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in tlidir axLl«. Tlio oiitdr flnrul Joavc^ fifi? sdulfelikd^ lli^ Inner elon- 
gntinl nnd and tliiJ inrJ^?rJn^J^5t like true [K^luis. Tile stuineps 

lire nuDiercug and nre borne on the of tlie porinnlh, and tJie srEjle 
coliininiir and bearing' :i Beverfll-myed tiiignia, Tlnj fruit is usimliy 
covered with scjiles, and often with tuft^r of niiniile bristletH in some 
sp<^it«i 5,nrroiiiidcti idjoiit it^ bii.^‘ by a thick growth of silky wool. 
8onie pf the pljuit^s iMilonging liero are coinpo(=^d for the most part 
of succulent pulp, whidi is caudied mui made into preserve like 
citron. Uthei^ |x>ssc5fi: poisonous or narrotie iilkiiloids, tunl iii-e luscd 
iis intoxicants by the Indians. In n few' the fruit is wlible (pL fl, 
fig, 4K wnd several yield an Rbimdant supply of watery which. 

tUongli insipid, yields a grateful dritik to the 
thirsty traveler. 

The principal divLsiotns of the Eeliiiiocactij 
iiiduding l^rcxican spccicsj are the following: 

Ceplialocactu^iLr including the great vlKnagns, 
Echijwafclm p^Imcrt (pi. 8) und Il\ wMhenu 
from which sweetmeats are made: h\ horizon- 
ihahnifoi (pi. % fig- hi<^otor (pi. lt"l. tig. 9>, 
jfii\ and the closely allied crimson-spiiii^l 

JT. prinfflei (pL 13^ fig. 3)* 

Ij^iphophoni^ representetj by the single species 
Lttph&phm'^ William the narcotic peyote^ or 
mescal button of the Indians (pL 3, lig* u), 
jVstrophytum^ or “starfisb cactus,*' including 
the spiiidess bishopry cap” {A^fr&phyhfm 
Hast iffma) m A* capri^ornu^ (pi, 6, fig. and 
A. ornnhim {pi. 13, fig. 4). 

Kuechiiiocactus, or EehinocjiOCtiiS pro|>cr, in- 
duding E\ pottml and E. 

■^^*^*^4rocactus, or hwk-spincfl EchinocaclO-S 
divided into tw'o sections, the first composed of species having wiry 
bcnii like fishhwks^ including Eolihiocactm Iofkffiham<itm 
(ph fig- 4), the closely allicfl imctna and E. hrarihaftiahiJi 
(pi. fig. S); the second with dilated horn like ^incs, often flat¬ 
tened on the upper side, annulated or traiisvct^lj ribbed and curved 
near the tip. including hcMnocaoiuj^ comifferits (pi. 13, fig. 

(pL % fig. 1), E. and £. whlkem of Arizom, 

StenocacLua, including Echmoaxcifi^ muUko^talm (pL 4. fig, 3) 
and its allies (pi. 4, fig. 5), and E. coptonoffonu^. 

uFor aa illurtmticm of an InUtan UrltUtlDj? t\w 

Pw CwlUe. t^^ederirh V^tnon “ ly^sen pldutiF os a aourre uf Urlnkluig wilier." 
gmltbaonliui ftc|i. for 1003^ 



FjcI. 21L^Ect]iaO»clus« 
fnaic 







CACTACEM OF MEXICO—SAFFOm. 


559 


ThelociictnpT ^Tith the? surfaei? covereil with tiibeirles more or less 
oonlluent, as in Kchinoeacfit^ l&phMch (pi. 3| Rg. X) ond E. rin- 
corttidensrh^ or 0 or G nidiHh us in h^a;m^(irf)ph^rus (pL 11^, fig.ii). 

ii. Leiickt€nl>frr^i(f.—Thh geniiSt whidi is tx^pri^tientcHl by a single 
fi|>eeieSj i. prindpiM. stautls quite alone among tlie C^letlK‘ea^ It lias 
a woody blem Iwariog long prismallc tnU'i’des very mneh like fhoso 
of certain JlainilloriBs* but the flower UaEi u scaly Lube more like that 
fannil in the gcnils MchinocactuSp The tubercles arc arrungetl spi- 
rally one! ore at length {Iccidiions^ their bases leaving the steui ift^irre^l 
very much like that of a Zamia after its leaves liave fallem The 
nreoles^ sitnatoil at the tips of the tubercles, are cottony or woolly 
when young and bear a tuft of flexible papery or straw like spines^ 
The large nxillar_v browntsh-ydlow frsigranl flowers appear from 
among the young tubercles near the crehi of (he plant. . The stamens 
are numerous* the outer ones 
growing together and con¬ 
nate with the tube of the 
[wrlantlij which they close, 
tlieir up(>er parbi free and 
closely fasc^de^I aroimd the 
.style^ which exceeds them 
sliglitly in length, bearing 
a 10-14-myed liright yellow 
stignia. This species is used 
by the Sfexicans ns ti rem¬ 
edy for certain diseases of 
animals^ and at one time 
was gutlieretl in such quan¬ 
tifies as to threaten its ex- 
tindion. li has been eol- 
keied iti the vicinity of 
rnchiica, Hidalgo; south¬ 
east of Han Luis Potosi; and in the vicinity of Patugnllina, southeast 
of l*urras, Cuahuila. 

4 - Cactxis {Md^caefm ).— The plants of this genus* often called 
tiirkVcap or tiirk's-head, are fleshy and globose, or oval, usually 
ribbcfl like a melon and bearing tufts of rigid spines very much like 
those of all EcldnoracHis* It differs, however, from that genus in 
haling a distinct oylindrical cap. or cephalium, compoHcd of woolly 
fell and fine bristles, fnmi which issue the nunienuis sum 11 incon¬ 
spicuous flowers and nt length tlie fruit. The latter is red, smooth^ 
and dub slipped, very closely resembling the cbilitos of certain Mamil- 
1 arias, and, like them, pleasantly acidulous and cdibk. The genus is 
principally West Indian and tropical Arnericmii. A photograph of 
mitje&nii moiKOnii Cfilrke), showing n single fruit 

and several llowers, is reproduced on plate % figure 2. 
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5, rhyUocactuit.—This gunus b epiphytuL It lias ieafJike jointly 
and beautiful, largo, elongated flowers, which, unlike tho?^ of Epi- 


phyUiim, nJT perfectly regular and futinel 
shaped, w'ith separata siumeiui growing 
from the lube and not connate ai the base. 
The fmit b rod, scaly, or marked with 
the scars left by deciduous scales. That 
of PfiyU<^cix^t.u4 anffidiffer, wliidi grows 
m the Hlo[>es of the volcano of Colima, b 
called ** pitaj’itfl del cerro,” and b used 
in preparing a ref resiling drink like 
lemonade* The flower of thb species is 
lintod from floisli color to white. An- 
other species with scarlet (lowers {FAyl- 
tocavbis ackerTnanniyi^ widely cultivated 
in Mexico^ 

<5, EpiphyUum. —The flowers of thb 



genus are distinctly irregular, or aygo- 


uiorphic, and eurveil; stamens gruu|ied 
in two serieSa the inner group of 10 eta- 
mem growing together at the ba^ so as 
to form a tube The stems are flat and 
jointed, the joints articulating somewhat 
liko tho segments of a crab's claw:& The 
only woll-defined species b the ^crab 
cactus,’^ Eptphyllum trnnealum^ from 
Brazih widely cuUivati.wl in conserva- 
lories for its lieautiful crimson flow'cni, 
whicii, instead of growing from the mar¬ 
gin of the joints as in Phyllocactus, are 
tenuinaL 

?. fiAipfalis.-^4)t thb epiphytal genus, 
which is dbtinguisliad among all the 
CaclaccBP as the only one occurring spon¬ 
taneously in the Old World, I have al¬ 
ready spoken (sec fig. 1^ p. ikHT). In the 
bland of Ceylon JlkipstiJJjn b 

called ^mintletoe” by the English rearf- 
ilenLs, on ntjouiinl of lUj Imbit of gn>wtU 
und its sitallf pellucid, glutiaous 


Tribe Mnmillariete. 



plants of this genus are iisunlly ajieltr- 


icnl, hcmiHpherlciil, or cylindriciil in fonii nnd covered witli wart- 
like or teatlike tiiberclei, tisubIIv arranged in regular spiruLi and 
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termmating in small s^nne-bearing aretilea. The spines vary greatly 
in form, occurring in radiating star!ika groups, with or without u cen¬ 
tral spinCj pectinate or ooiublite^ or long and wuy* In some species 
they are as fine hair&, in others they arc stout and claw like; some are 
straight, others curved like fishhooks; some aro smooth, others hairy, 
and others phimose or feathery. They are divided by Schumann into 
four groups: (1) Con^phaotha, m which the Howlers issue from near 
the center or apex of the plant and the tuheit^les have n longitudinal 
groove uniting the dower-bearing and spine-bearing a^eoles^ (S) Dol- 
icothcle, in which the tubercles arc long and ungrooved and the flow¬ 
ers issue from the axis of the tubercles; (3) Cochepriiea, occurring 
on tlio peninsula of Lower Califomm and in Cliihuahua; and (+) 
Eumaioillaria, or MamillaHa proper. These are u.^nfllly regarded 
as stibgeiierQj but they may be worthy of generic rank. 

(1) Coryphanlha is divided into two series: Aulicothehej in which 

the tubercles nre without glands, as in M, 

m4i^:r&merh^ -1/. d/. t^lephantider^ (ph 14, fig. 3)t co^naidea 

(pL 14, fig. 1); and Glamlulifene, in which circular red or yellow 
glands are present in the axils of the tubercles or under the areoles, 
including MafniHnHa tna^rathele and d/. erectu^ 

(2) DoUcothek"-, with comparatively large yellow flowers and 
bristlelike or needlelike spines radiating from the temiinal arcole 
of tbo long tubercle, is composed of the two species 

of Texas, aiid the closely allied if, of ilexico 

(ph 14, fig. 2) t both of which contain poisonous alkaloids^ 

(3) Cocheniica, characteriaed by large flowers witJt exserted sta¬ 
mens, i.*5 represeoted in northern Mexico by the single species Afamit- 
l^ria ffeniiiiff with many white, bristle like radial spiucs and frt!veral 
dark-colored hooked central spines, and with large orange-colored 
flowerf?^ occurs amid the snow of the high mountains of Chihuahua, 
al/. r^eana occurs at La Paa and on Carmen Islaudj where it was ooL 
lected by Pr, Eilward Palmer; and ilf. p^ndii on Cedros LLiud, where 
it was collected by Lieut. CharU=*s Pond, U. S. Novy, 

(4) Eu 7 namiIl^ria.~Thl^ division b composed of two groups, Urn 
first including plants with watery sap, called by Scliumanu llydro- 
chylu.s,” tho ^!econd with plants containing milky or gummy latex, 
called “ Galactochylua.'* 

Among the species induded in the acctlon Hydrochylus aro MumU^ 
lariii mier&meris^ .¥* greff^i (ph 4, fig. i), ¥. le&na (pL 2, fig^ 3), 
¥. c^ndida^ J/* pit^^ (pL 2, fig. 4), ¥. bocmana (pL 4, fig. 4), ¥* 
ffl^Mdata^ *¥. pluTnoia (pL 3, fig. 6), and J/. grah^mHj if* carrefH 
(pL 4, fig- 2). 

Among the species included in the section Galactochyluft are if arnll- 
laria ehgitnSj ¥, if* hegderi (pi. 9, fig. 1), .1/. iricldn&centra. 
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jV. .1/. /tee»iana (pi. 7), . 1 /, ccntriatr/uty . 1 /. tni‘iaefintha, . 1 /, 

xmdnaia, .V. sempetnri, J/. capHt-mtdii^if, .!/, /arwiijM, .1/, JirrwtH- 
(j)]. 14* Jig, 4)- and J/* mutabtlit, 

fJ* Ptlecifpfiort /,—Only Iwo of this intciX'sting geniiii are th'tis 

far knuu'n. Uiny are very j?nall plants, globiilat*. hemispherical, or 
olub &liape«] iu form, and covered with peculiar laterally compreiiStHi 
tiilx'reles having a very long, narrow areola, LKjrtlered on each aidt! 
by a row of sUoit aijprtKscd oombliko spines. Pekcypfiora imdli- 
fortnk, usually growing in clusters (i>l, 14. 6 g. G), derives its sijwific 
name from tlie tv-semblance of its tubercles to the ventral surfuco of 
certain isopods, or sow hugs (AseUi). Specimens wen* collected bv 
Djv Edward Palmer iii May, lUOu, at Zatwlillo, lit miles euHl of the 
oily of ??an Eiiis Potosi, where the plants are sold in tlie dnig market 
under i Itc name of ‘‘ fx-ote.^’ “ peyote,’* or peotillo.” Anof her locality 
where they are found, and which takes its immp from them, is the 
iracienila de Peotillaa, a station on Ihe Central Railwfiy, which con- 
nect.'i San Euis I\>tosi with Xanipico. One of Ihn specimens col’ 
lected by Doctor Paliucr bloomed after it. had been gntbered. The 
floxvei is comparut ircly large and of a magenta or crimson-purple 
color, will I the outer petals rose-colored and paler on the margin, and 
the oiiteriiiost sepal I ike, narrow I 3 ' linear and gr(>enisli white. The 
stamens are only about onc-tliinJ the leiigtli of the petals^ they have 
white rdamenta and orange-colored anthers, bevond which the pistil 
proj<a:ts with its grecjiish-yellow d-rayed stigma. 

/VfecypAora pccihatu (pi. LJ, fig,* 5 ), the other species, which is 
here hguital for tlic first time, is a beanfiful little plant represented 
m tlw cnptu.s house of the United States Department of Agriculture 
by siu^ituena collected by Ur. J. N. liose in 1»05, in tlie State of 
I neb a. It ,a smaller than /> ^0,Uifor,nu, spherical af first, but at 
loii^U cylindrical Unlike /* it 

yellow flowery and is scditary. Its minute white spin® are pectinate, 
very much like ih^ of certain species of EehJnorereus and Slmuil- 
lana, and so closely crowded that they interlace. Plate M. fumre S 

shows 0 young plant of this species enlarged 6 diameters, ’ 

10 . Tlus genus, called by Lemalre “ Ajilmlojiium,*’ 

m composed of several species of low top-slmpod plants with lari 
biproots surmounted by 0 rosette of more or less leailike tuberclS 
nn>se arc made up of two parts corresponding roughly to tlie blade 
and daw of rerla.a petal^ The lower portion, or daw, is flattened 
and oppressed along tbe .stem of the plant; the upper part, or blade, 
m turned outward luid consuls of a more or la® pyr Jidul body, the 
upper fare of which is eomawhat triangular in outline. The entire 
surface of tins blade is covered with « 

together with Uie abscure of spines, distingniaheslhis ^nus 


Jl*part, IMP— 
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closely Allied Mam ill Aria.® At the apex of the tubercles there is a 
more or leas dhitinct woohbearing areolo. The flowers appear from 
nc&r the center of the plant, springing from the midst of a tuft of 
wool They are white or ddlcately rose tinted^ with the 
marked by a median ^ipe. Tlie <tvuty and fruit are nake<4 
seeds companitiTely large and tuberculated.^ 

JUtiong the species thus far known to science are Art^scarpus fimu- 
raius^ sometimes called the living rock,” with the surface of the 
tubercles grooved and warty; A, koti^hubeyantis (ph 3 ^ fig* * 4 )i called 
pezuun de venado^ with ros^-colored flowers, and bmall delta-shaped 
tubercles marked by a median longitudinal groove; A, rettufti^y or 
“cobblerla lliumb” (pL 15^ fig* 1 ), witli sharp pyramidal tubercles 
(sometime called A. \ and A^furfuracem {pL 15^ fig* 2 ) 3 

with abruptly acuminate triangular tubercles^ sold for medicinal pur¬ 
poses in Mexican markets under the name of ^ chautle.*^ On plate 5 ^ 
figure 1 , Is shown the photograph of fl plant collected by the writer 
on the dope of the Cerro de Portste, ncjir Parras Goahiiila. It is , 
either A. or a new species very closely related to it STy 

guide called it “ chaotic; " but as I now picture it, lying like a gray 
stone on the hUIdde of Perote^ 1 call it “ living rdck.”^ 

* TiKUupwOi^ O* n. MlRSoarl BoL Giinlea Rep., voL tl, p, 12SL ISDa 

* Coulter* J, M- Cioatr. Crom U, 3. Nat* HcrtL, voU % ^ IS&L 






ANGLER FISHES: THEIR KINDS AND WAYS. 


By rrri&iUQm: CJiu_ 


It t fllivald tHffl43 Lut ta iiaiDt; Itn* moTtm of Htras^ 01^ , , . thtt mb Ibto 

fhc seb+ I might hrjSrX Wfllldr^r lb you* ot bbhcEItjf. cir twith; ^nd ytt I will Tentar* la till 
you . , . ^ |E4Aii W^ttnb (jiprofH* of Iho CcniLEnoB CoWt^l^T Aoslt^i chap. ID* 

Gexeilvuties, 

It 13 genornlly ossumeil that the capture of fishes by means of a 
Jure ori^iiated only when man had aciqiiircd a certain sta^ of intel- 
Ugcnce, hut, countless myriads of years liefore man was born, the 
art had been developed among animals of a much lower class—fishes 
themselves^ Such animak are still existent and manifest under cou- 
eidcrabk variety and in many species. The largest and best known 
of the kind Is the common fish especially known as tJie ^ angler.” 
Thk name was first used for U by Thomas reimant In ITTC, and 
has provctl to Iw veiy acceptable to most persons, but it is not entirely 
applicable to tha fish. The word angle is primarily connected with 
the ciii-ved hook which is the chief agent in tlie capture of a fish, 
but the angler fish has no hook. It has it rod and a halt, but it 
needs no hook, for the bait attracts a victim STiflicientlv lu^ur to be 
seiaed upon by a sudden leap of the angler. Tlie advantage is thus 
given by kindly nature to the ever-rcady fish, Xo renewal of tha 
bait is necessary, for the angler dtw* not wait till the approaching 
little fish ha.s time to nibble; no elaborate prepnnitioii of rod, line, 
hook, and bait arc needed, for the fish is always prepared; not time 
and labor, such as taking the capture off the hook, carrying it a 
long distance, and various details of making ready for eating, are 
recpiired, for all sucli actions are rendered iinneoessary by the capac- 
ity to take and ingest in one continuous process. 

The angler, so named by Pennant and so called by all ichthyolo¬ 
gists since, is tlie only one of it,s kind frequenting tiie shallow seas 
of nortliern Europe and northern America, but it k only one of a 
numerous group. That group, however, is represented by species 
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inhabiting the deep seas of Ahnwl all parts of the globe, os wdl as 
by Jiiimerous species lurking in tropical coral groves, and in tbe 
* sargasso meadows of the high seas. The group is distinguished by 
so many |>eculiar characters that it is ranked as an order or sub- 
order by all modem ichtb^’ologists under tbe namo of Fediculati or 
Pcdiciilates. Tbe name is primarily due to Cuvier, w'ho gave the 
form Acautbopterygiens a peetoralea pf‘dicul^es, or, ft)r short, PcC' 



Ttn, 1,—TIm eonuonq AnglvT (XigpSlit* pltatl^riutU Aficr S«ltt. 


toroles irfdiculfes as o family designation. This was latinised as 
Pediculati and suljsequently used as u sulmrditml and still later as an 
ordinal term. With the last sense it is here used. The old authors 
mostly associated with the Pediciilatcs, the Batrachoidids, or Toad- 
fishet?, and they have been restored to the order by Began (im), but 
not by other ntitbons nor in the present article. 
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PART L 

Oiini:f{ PEDicnuTi. 

The PcdiculflteM are teleost fiKbes, oiTshoots from the Acanthoptci^g- 
ians, or Hpine-Jinned and bire a clesed air bladder, if any, 

the scai>ulur arch connected with the eidei of the skull, the iiiesoco- 
racoid bone absent, the nctinosts in reduced number (2 or S) and in 
tj'pical form elongated to form false aroia, or pseiidobmchia, and the 


Ftfk Z.—Elfdk oi tliir An<3i]r+ iihorirlnif tht. imruduHsrlthluii] qf btlio m.rm wltb 
ill tw4 ActlmMti («>p Iht! bi^rc^mculd {hr}, nnd ptMtnpuUi fpijp 

nm WriJ M prtifcmpu** or rtcncwteoB (0), AiWr UrttpiibiclHiFr 

'* 

ventrals aclvmiced fonvnrd; tha FiMitriiLs^ when pret?ent, ar^ IndetiKl 
jugular; ihvi skuU is depro^d and without a mvodome or owaty 
for tlio iuisertion of th© wuUr ijuiscli?s, the pariotal? nro and 

thrown to tho «idea by the intervention and contact of the j^iipraoc* 
eipital and frontulsi^ and the ^ubotbitat chain of bonca is absent. The 
vertebral centra are well developed and sepanater hui there are neither 
ribs nor ©pipleurals. Hie branchial apertures arc much reduced and 
manifest as foramina in or about the axils of the pectorohi, gcticralJy 
the upper nxil^, ^imetimes the lower. 

SraJC—KAi 3tK>3-5T 


668 AifNUAL fifiPOBT SMITHSO^ffTAX IKSTITUTIOK, 1D08. 

Fishes having these cUamcterfi in common e^itbit great diversity in 
other respects^ and not least in the provision for alluring other 
Tlicy havc^ however^ mainly associated on account of agreement 
in other characters. The most essential of ihc^ are the position of 
the bninchiat apertures^ the direction of tbe mouthy whether opening 
upward or downward, the miniber of bones (aeUnosts) in tlie fab® 
lunis (pseiidobraebk) Uiat Iwar the pectoml fins, the development of 
the first dorsal^ and die presence or absence of ventral fins. There are 
iAx groups which are so trenehantly dLstltiguished by modifications or 
combi nations of Uiese eharacteni as to have secured frfun icLthyolo- 
gistH family designationx. Tlieir niuttial relations may be best 
exhibited in a synoptical table: 


MllCmATX TAMlUEil^ 


I, ttnindilnl aLh^mim alwSjt ila i>r taJikiid} tliL* |arcrlc»r uxUb o( tbe 
aiH^tx'iilaT IxaiL-M iaoi]cml«lf 0t III tie ilevEficimt. 

fu) iirmu wim 2 actinaats; iiectutulH scarcely? rrsniculated; 

IhmIj- deiiivfised: IiriidtioTib;^ ttpitriissetl (LofiAlqltfffO 

hOphiiflfF^ 

(b) I’ntec iirniB wlUi 3 actinmts; stmuety fn^nknilntal; 

bfflly cbiupKHHed or tumid; l^njioli^ses erect (-infriin»r«ddra i 

AHtcaiiarfirl^^ 


2. V^tralR loHt 

(d) ft^ouih loPKC, lilrtMftinl u[ovanJ; saont Bat beUtad and r^sitral 

%lDo Preet- „„..CcFaUMff, 

(6) larfu, tllrectpd <1omninrDid; «nout procurtfut uud routrni 

tPQtnck- HI Hid nm) horizontal,..,___OiyqAttfrfinfda*. 

<o) Mouth amqll, ti<riiil]ial, nml timriy hoHseontnl; raiout hinnt itnil 

dostllute of teutnclc.- ^..jlOfrrBtJWw. 

it. BrntirhInI apmurpM nttoiit Hiiiiorlor astiin of tivctoRila: opurrular tHBMsi 
«riwt1y ilcidorod; i,rntniia iJpvcloi>cd; fnlw nrnia with 2 anliiaiitM; irmith 
luftirlor; rortTal icutaplt inferior or torminiil. mnuotliitni ntrophtol (Offc*- 

-OtfroorphoHdo-. 


Almost all tho P«(liciilates liavo the loirmoiit aptne advnneeij for* 
wart] near or on the anoiit imd motlifled to iserve as u lure for other 
fishes; It has been likened to an angler’s rod with its line and ljftit,ond 
this fancy has been carried otit in the names given to the appnrat ne. 
R. J, Garmnn, in his fim- work on “The fishes” of A. Agassiz’s 
Reports of an Exploration off the West Coast of Mexico, etc. ( 189 J>) 
has deaiguated as the “ilUcinm” or “bail and n>d ” the foremost 
dorsal spme with ite leaflike appendage, and further distinguished 
the ‘ bait as the^ esca.” These ate developod with various modi* 
fumtions u. Pedic iiktes that Uve in the shallow or less deep seas, 
and undoubtedly the lilicium and esca actually serve as a rod and 
bait. but. of cout^, the fish ao provided does not knowingly act as an 
angler, for its action is merely automatic. The modification of the 
spine doubtless originated tn a fortuitous manner and its use to the 
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fish was siich tlmt it, and its progeny so faVored, surrivod the “ strug¬ 
gle for I'sistcncc ” and, through the slight useful niodlftcations siiper- 
reniug, the specialized illicium and esca of the modem Bshes became 
perfected. liut this tras not all. 

Some stout-bodied Pedicidates resorted to deep and deeper iraters, 
ivliert! the light fritm the fnin was faint or even ceased, and a wonder¬ 
ful provision was at las-t. developed hy kindly nature which replaced 
the sun's rays by some reflected from the fish itself. In fact the 
illicium has derelopetl into a rod with a bulb having a phosphorescent 
teniiinul portion and the “ l>ait ” round it has been also modified and 
variously added to; the fish has ahM> hart supersrtrted to its fishing 
apparatus a lantern (Inmpas) and wormlike lures galore. How 
efficient sudv an apparatus must be in tlic dark deptlts wdiere Ihese 
angler fiphes dwell may Ijc judged from tlie fact that S])ecia1 laws 
hove been enacted in some countries Against the use of torches and 
other liglita for night. Ashing liccauscr of tlicir deadly [ittractivcncss, 
Xot only the curiosity of the little deep-sea fishes hut their appetite 
is appealed to by the wormlike objects close to or in relief agaiirst 
the phosphorescent bulb of the anglers. 

Onlj^ a few of the many varieties of the torch-bearing anglers 
nwl bo noticed here. They all occur in the family of deep-sea 
i’erticu lutes known as the ^ Cera tikis.’’ 

Generally the interspinal bone is directed forward and mostly con¬ 
cealed, and the arlimilating spine or rod extends upward; the termi- 
nal portion of tlte apine is provided with a bulbifonn apparatus, with 
a luminiferous termlnnl surface and various ap;Kiidagisi in relief 
against it. Often the appendages are curiously developed, sometimes 
filiform and simple, ns in f ’erfl/ui*,' soriiclimes papillifonn and numer¬ 
ous, ns in etanocetiis. Occasionally the tod is vei")' stout nud the 
womdiko Appendagsis numerous and manifest on the rod as well as 
arotind the bulb: in the IlivuintotopAi of tlie .Vtlantio and Pacific 
(JnpAu) the furniture is carried to an estreme. 

Barely tho interspina I bone appears to be exserted and prolonged 
and the spine or rmi articulated a long dbtance fn>m the-back, as in 
i/armalfas, 

A few other Pediculates (the OiffantaDfi^ is the only on® known) 
with a slender body developed in another direction. The illicium 
and snout csoujoined extended far forward in a. horizoutEil direclioti. 

All the Pediculiitcs till now considered have the first dorsal spine 
neatly dorsal, or at least rostral, ^^'ow wc may take notice of some 
that reverse the usual order of nature. This rever^ml i,s manifested 
in the family of Ogcticephalids (better known as ^faJth^d^), 

^^ot iinconunon along the southern coasts are certain fishes of this 
family, inhabiting shallow waters with a aandy bottom, They are of 
toad-like appearance, and rest on tlioir arms as a toad does on its hind 
legs, while the fins are far in advance and assume the function of fore 
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fis^t Though Ukc' toadfi, ifi? fishe^i are generally known to th^ pf^ople 
not only as “ toads but also sea bats ” oit account of the appear¬ 
ance they present in the water, and tliw name has been perpetuated 
in the scientihe designation of the longest known s|>eclfis—the Jfalf/ie 
f^cspertnic. 

The reversal in the attiliido nml posUion of the mcniliersj wherehy 
what are usually the fore Ibnt^ become the bind and the bind limbs 
the foremost^ is not the only ctise of contrariety. The dorsal has 
become lowermost ami hy a remarkable growth. Tlie anterior spine 
iiod Advanced forward on the enoiii; then the forehead liad grtjwn out 
into a long projection which forced the snout with the dorsal spine 
dcnvnwanl. thus reversing its direction. Still mure, the dorsal 
spine-^pine only in nau?e* however—bad lost, or [>erhaps never 
developed^ the function of rial and line, and ]m^ nppanmlly assumed 
a tactile fiinciioin Tt liaa a papiUifonn tip:^ and doubtless by nieiins 
of It feek for its food. 

Tile few Species of Afalflif and one of Hulretiimi ar^- the only repre¬ 
sentatives of die family that are iidiabitants of llie shallow waters. 
There me ninny other sjsecies, but they are deep-water forms. 

The Malthids, indeed, are a numerous family of deep-loving Ib-Jies, 
and every expedition for the exploration of the deep b'ea brings back 
new' forjici. These e.idiibit considerable difference in the develop¬ 
ment of the aubro^tral or mitral tentacle, ami in some the tentacle is 
obsolete. None, however, the reiitacle developed as in 
and no others have tlit' projecting forcliead or the downward trend of 
the tentacle^ In all others tlie rostral cavity is open furward, nud 
p€rlia[>s the tentacle may serve os a hire, as in the Fediculates gener¬ 
ally» Tluit it is not a very efficient organ is apparently indicated by 
its obsolescence in scjtne of the species. 

One remarkable characteristic of the Fcdicnlates, so far as known* 
is the provii^ion made for the eggs. The oviposit ion of only two 
species is known* it is true, but those two being of wideh' distinct 
families—the Lupliiiib and Antenuariids—it is probable that what 
is true for them is true for all othern of the same families. The tw'o 
hpeclci^ in quft^tion are the common angler (iopAnw and 

the frog-iisli (Plerop/irync Auf^riu)* Tht^ agTt*e in having paired 
ovaricH in which are develo^iea eonntxrted that, when ciiiilted, 

they are enveloped in xt glutinotia ssecretion reflecting the form ond 
structure of the ovaries but, on contact with the water, l^ecome im¬ 
mensely distended and form buoyant raftdike receptacles which Uoat 
at or near the surface till the egg^ am hatched. The rafts are s>wollen 
to tin enormous siKc in eomparLson w ith the mother fhhes, those of the 
I'funmou angler sometimes rtaching a length of m feet and tho?^ of 
the frog-fish a couple of feet, 

Ulietlier the PiHUcLdnU^ of other families agree with die Lophlids 
and Antennariids is doubtful and a subject for future investigation* 
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A most roniarbnblc epbode is conneciifd Tirith tli^? history of thi^ 
Antermnrikis* In 1872 iUiialriou$ Profi?iffiOr obtulned n 

globular mii-ss of s:iea-wcod {S^rgmsiim) oliorged with und as¬ 

sumed that thp mass was a nest made by a frog-fisli, and for a gene- 


FUj* a.—Onrii!i tho wmiuDn ADiilt*r ji^pJiFui Afior FylEon (rvdue^). 


ration or more his view was unhesitatingly adoptotl It was only 
after the discover}' of the actual ovipoaitton of ihe frog-fish that sns- 
picion was attached to the old idofitificalion. As will appear fnun 
the third part of this article, the Sarga.ssiim eonglomemtion is due to 
the peculiar of n ftying-fish. 


FEcL 4. —Ealiirj;^ rlvvr OVdff^ tbd otA <3f tbe capoi/on 

Afttr Fbltuft, 


Tlie St^ileniii is espeeiaUy notcw'orthy as being a less depressed 
form than otliers of its family as well as on account of the di^crenee 
in the i:onnection of the spinen and rays. 


E.vaLV PEOICFLATtfl. 


It might naturally be KUpposed tliat Cshes so eccentric in thoir 
organization as the Pedicnlates came into esbicnce at a contparu* 
tivcly late iieriod in the deyetopment of aiiimal life^ It is there- 
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fore remarkable thut typir^l rcprcsetilaliviiifi of tlie onkr have left 
rvidenci'^s of lairlier exigence tlian mo^t nioUirm Xe:ar the 

(^minrnt'enieDt. of the Trrtijirj' epoch, in Oio st^ji whicli then covered 
an ami which b now hunnoiinted by Mount Bolca in northern Italy, 
an Aiitennariid laid wait for its preyt whiidi consisted lar^ly of 
anlmab very different from any now living. So chicly relatod^ 
Indeed, was that Antennariid to living forms tlmt it can scarcely l>e 
distingiiisfacd generically from the species of Ptcf^phr^ne^ which is 
now represented in almost all tropical and subtropical and even 
temperate seas where the sarga^ weefl floiirblies or h carricil by 
currents and winds; JLs relutioltdiip and characteristics were, bow- 
everj long miii^inderstood, and consiMjiiently it was isolated as a 
peculiar generic typi*^— I/ii^tionotophorttJt —without knowletlge of its 
relationship or distinctive diaractens. Contemporary with the An- 
tennariid, a^i well as a cotenant of tlic i^ame sea, was an angler that 


\ 



Flfl, df Hurt An^lrf I TjojihAli/i' AFttr Af^utaei, 


no one Iiuf ever atiempteej to difTerentiute generically from the 
common angler {Lophiuj* pme^ioyiuj^) of the pre^nt nortlierii At¬ 
lantic;- LopkiHA is Lhe univemlly acf)eptcd name of 

die E{x:ene angler. 


Titk FAUinits OF ProiruLATES. 


the tjOlUTTfrift, 


TliP T^phioitl family ia represented by the larjgest tinrl Ijest known 
of iJie Pedietilates, the an/jior of the book-s better known to tho 
slioremen of the New Eni|rJai«J States us the “ goree fish ’’ and to 
thcift! of old Etiglmiii ns the “ Gshing frog," 4*55^ 


-n is not Inton^eil to that the fotsU i^pLIld nusj- n* K^^erlralJr dlt- 
Uoet froui the L>,„hlu» hf-narorf^i.. tor It i.mbuhl^ wa*i but iLl- generic etuir- 
actew of the aioJeni fortn* are aiortly uujBrflelallr. 

U may he that the fiocmie apeele. wna a.tw relataj 10 tu„Ak,«,*a or cTeo ctm- 
geuerle with It. for aiiparrutly It hod a Teilu«d uuiuher of vertebne. 
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various utlter ilcrfgnflliona. It 1ms Wii describetl at 1 length by tho 
jinesfnt writer in “ Tlie life his¬ 
tory of the ungler/^ published 
m 1905 in tlie Smithgoninn 
M i seel I fi neou A Col lect iona {val+ 

PP+ uOO-iiOtJ, pis, 

1 jcTi'*). Three genem were then 
not leed. LopMHa^ Li>ph i'™ iw, 
and or 

Since then u remitrkable fonii 
{fSlafhnm) has been deseribeil 
bv C. Tate Repm from the In¬ 
dian Ocean (“ Chagos Archi- 
pelapOt Snloiiionin the 
Trun>actiofLH of the Lilniieun 
Society of Loniloii (Zool. (2)^ 
xiu p. 250, pL S2, 1908). 

Figures are hero added of the 
side viow of the bcxly ns well a.n 
remarkable ovaries of the com- 
inon angler and its skeletoiiT for 
comparison with the egg mfl of 
ttie fr«>g fii=h {Pterophri/ifte) anrl 
the skeleton of an Antenna did. 

Regan^s i 11 nist ration of the Sla- 
dmia ia also reproduced. 

Ttm ak:tb.snabiii>h. 

Tlie richest in species (bul not 
in genera) of the faiaiUes of 
the Peclieulate fishes is that of 
the Autemiuriids. These ape- 
cies are mostly inhabitants of 
tropical coral seas of moderate 
deptliSf blit a few have cstab- 
lislied homes in the midst of 
tloating sea Weed p and uthera in 
w liters of considerable dcptli. 

The most charttcteristic and 
those whidi isjme most fre- 
ciuently in the field of observa¬ 
tion of ordinary travelers are 
representatives of two genera^ and Pter^phr^iie* The 


'1 XfipAtorfri waft ^iroiiOftOiS hy Goode and OcvaiUc rs37, in 

isa&-oc. 
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histories of both are rcmarkabJe^ anti Utile is knoTi'n nboiii them to 
mofli persons, for the infomintion respecting them is widely scut- 



Fm, 7. —An Angjier &f ttJU Chieun nreblp^^lA^a 4 linl ■!». 


temi and ]>iibLjshed iii voltimes not generally accessible. To bring 
tc)gether duui eo distributed, and to correct certiiin common eri‘ors 
lire tlie objects of the present article. 



bf bb AntemiulUl iChovnaf pbhimruh Aflet na rma-n 


Thp fninily of Antcoimriids is segregated from all others by a 
eoti»biiiatioii of cliaraetera. The iKwly and head arc more or less 
eoniprcssed* or at least not notably depressed as in the angleisf the 
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moudt is deft very ubiiqueJy nn<] iu some eron vertienUy; tlie brim- 
obifll eiicrtures nFe in or behind the lower uxis of tJje iiectorul fins, 
these fins themsdx’cs Are well developed wnd so nrtieuliited with the 
pseiidobrachiH or fnlse onus as to form elbowliko joints, llie fins 
tieing dirigible down word niid forward; the pseud obraebia are 
fiirmed by actinosts uiodemtely elongnted and only reduced to three 
on ea(‘h aide; the iiientnik iirc of nitalenite f^isse and provided with five 
(or four) raya, and the spinoiLs dorsal is variously di‘it*bpt?il, mostly 
\vitli three spines, but represented by at least a rostral tentadelike 
ray. These diameters are associated with vnrioits (Kteolojricol pe¬ 
culiarities, die most notable being the development of iijimised l>«viynil 
spines to most of the idaiontinal vertebra*. 


As so limited, the family embraces a doaeii or more gimera whicJi 
represent three groups of supergcneric value, the subfamilies ^Intrn- 
ttariimf, lirttc/iionic/UAifinn!^ and C’Aautuicinof^ 

Tlie two most genemliml of the three groups have ilie timly and 
head notably compressed, and the first dorsal fin is represented by 
three rayii, the foremost of which is generally itHlticed to the form of 
a rostral tentacle, while the second and third am robust spines; the 
soft doisal is well developed. The two groups arc in tlieir turn tlis- 
tinguished by well-marked characteristics. 

The least specialized species have tlie body oblong clavifonn, the 
mouth is comparatively small, the palate unanned, tlic jielvic Ijones 
are short, and thC twenty or thirty dorsal rays are approxininted 



Fra. ».—J’lf/DpArjifii Afirr iordoji Jiqd UlJi^d. 
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:md well c^ottnected by memhoinef so ttiat a resl fin h deTeloped. 
This grou[) is immed BmichionichtliyiDa*, and iri<;luiies iwo ^^eiiora— 
fiTQ<^Aionif^htAy^ untl S^mpfiTlcAtAt/it. Veiy few species are known 
and they have only been found as yet in AustTalasian sena, or. more 
sfjecifically^ about Tasmania, 

Most of the species—until recently more than all the oilier Pedicu- 
lates — have the LmkIj oval with a tuiiiid abilohioii; the month is 4|iiitn 
large, amJ die palate dentigerous; the [jelvic bones are rather elon- 
gateil^ and the second and third dorsal spines are dii^ont or slightly 
connected ami nut consiitnents of a true iin. The group or subfamily 
IS known as the Antennariinie ■■ and includes the genera Ptrr^ 
pArj/vej Antemuirht^^ Sat;f;arim 9 and several othe-ca- 

Almost all of the specit^s^ however, ladotig to the genus Antcfimriu^^ 

The most HpeduU»d of the Aritennariids tire trenchantly separated 
from the others by liaving tlie heoil cuboid and the first dor^4il fin 



rtra. ia.-“A flkuuoMidih* .Va^nH4rUd iCAnunv# pfu'futj. Afl>*r Joiftiiin Aod ETi'r^PtaB, 


reduced to a oiiigle piece^ developed sis a rostral spine,, or ratlier ten- 
tttclp, ulltiougb u second spun* rciunins concealed under tJic skin; tlie 
wift dorsal fin is low. Only on<“ genus^.’^au7i<:u;—b known. 

The most conspicuous of the Antcnrinriids are mowtly confined to 
the conilligeitoiiH sens, and by far iht* liirgiest number to ttic 

genus Atittnmriui, The only other genus equally well known is 
Pterophrtfnt, whose chief hociie is the sargasso tiiea'dovrs of tlie higli 
seas. These are the only ones that need to lie notieetl at lengthy tliey 
ore indeed the only ones whose habits ore even tolerubly well known. 


TIIK tTSBATlJns. 

The family of Oeratiids, or deep-sea anglers, has been constituted 
for « number of ilcep^a Pcdictilates dtstinguUhable at onw by tUu 
absoiice of ventral fins and the robust body. There is coiLHidarabla 
variatiou in form, but most are more or less oompre^ed, tmd Lha head 
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with the bodj; the uioulL ranges from oearly horizontal to 
verticil I and from moderate to great extent; the branchial apcrlnreii 
are lichind or belmv the nxils of the pcctorols; the pectoraln hftvc 
abbrenated pseudobraclita with tliree actinosts and are not at all 
geniculate; the first dorsal is reprei^onted by a single ray advanced 
forward over the snout and ‘‘baited” with a ”lure" or “Imit;’* in 
some a postcephaUe spine or cnnincle Is deTctoped; the secoml dorsal 
and anal are generally very short, but in some more extendctl and 
niultiradiate; the caudal is quite uniform in eomposiiiun. liovIiiggerH 



I'lu, 11.— Sh«t«t[Hi of O blauinluaiiibtitP Oratlld ritlnA^nim. After 

LUtkf'iL 


erally eight or nine rays, four or six medium rays forked, and one or 
tivo upper and one to three loa'er simple rays. 

Much diversity is manifest in this group, extending to the com¬ 
pression of the head and body, the extent and (Urectlon of the mouth, 
the development of llie dorsal and ana] fins, and the modification of 
tlio roRtral spine. Most have the moutli moderate and the dorsal and 
anal pauciradiate (IX 4 , A. 4 ), but a few {Mehtnowiincs) hat •ft iL v$n- 
deeply cleft mouth and pluriradiate fins (D. 14 ). The skin is gen¬ 
erally nakeit, but in some (IfimnntohpTtines and .A’yw^>nn?/i4Ay«wj») 
is beset with soiHered tubercuiar plates. ,Uiiie*t all have the head 
compressed, hut k one group {Ji^tnoniehthymeg) it ia dcjimssed, 
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thdtigh otbL^rwisc ihut ^uup is nenrlj like the flimanUlcphincs. 
Some of tlie species beoonje quite large, readiing n length of at least 
28 inches^ and the Hist IJImantoiophv^ found nearly 2 feet long; 
most of them^ howevcrt are rather small fishes, or at least only smull 
si^ecimens have been secured* 

The Ceratiines are the most numerous as well as typienl of tho 
family. All hnvo a ^ooth or prickly skin (but no tiiberdes), □ 
moderately large, verticiil mouth. 2\ paira of gilk^ ami a cephalic 
spine with a terminal biilblike Hppamtijji. but this appnrntuH ant! tlie 
dorsal spines are maiiifesi under various guises whidi mark difitiiict 
genera, 

Tlie anterior dorsal spine, or illiciutu, arid its i»iipp{irt are singu¬ 
larly modified. The support is honiDlogDiis with the ititerspinal txinc 



]ri4]r I^r—A CrrqtMnr ^Ccfalfai- Atl^r Kre^^r aad Oal;nlnt4- 


intcrvening l?etwccn the my nnil the neural spine of an ordinary fidit 
and this may bo horizontal and conccaleth as in Ceratim^ psirtly 
expo^^'d. as in Cf^pt^p^rn$. In all the Ceratiines, as well as in 
nii^ others of tho family, tho apine has a bulbous estrcmity, which is 
generally gniyish at its distal end and has a filiform appendage. The 
light arua is supposed to be phosphorewantj and thus to ntlract fishes 
in tlje depths Hiifficicntly near to be seized. 

In Cer/ituiA the frontal spine arises above tlie eyes and is jointed 
on to a concealed borissbnlal interspinal bone; there h a second dorsal 
spin© some dietance iti front of the dorsal fidj anil there are no 
caruncles. The only known species, Cemitas hofbolliy is the longest, 
and by far the largest, known of the group. It has been foiirml off 
Greenland and Xova Scotia and attains a length of about 21 feet. 

In Cr^p^ 0 p^(£riitt the frontal spine is todlike and supported by a 
partly exserted inter^piiial bone. The second dorsal spine is repro- 
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rented by h large tru^lan f^iibglobular Cfirtinelo and a pair of laterul 
carunelcS} all near the dorf^l Gil The only species^ C* was 



Ft{l. la^A CeTAtltufl- (Crirpt^piara# Aft«r Jordan and Kvrrmuiu^ 

foiind in the Atlantic (laL S8® 18' long. 68*^ 24' Whi) at a depth 
of l,t>8G fathom.^. 



14.—A cieratMiaa IJiFdiiciiJhrj fba/rfd^L Ailmr J^rdnQ oclJ Evcmaas. 


In Mancalian the frontal Apme is abbrcTmted and snpportetl by 
II long e.tserteil rodlike interspiiial. The combination reminds 
one of a long ro<l with ii short line baited at 
the end. There is no j^eoond ^pine^ but in 
[iluco is a pair of pcduncnlate caruncles. Due 
ffptieies, ^f\. timno^copiAff^ was originally made 
bnown from a Mpeeimen brought from a depth 
itf Sj400 fathoms in the mid-Atlantjc; an- 
otlier, J/» ^hufeidHi^ was dWovered in the 
not far from the American coa^it at a depth of 3T2 



FpO- 10% — F^ron^rfrwtffj 
After 


Atlantic 

fathoms. 
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The Oncirodinee scarcely differ from the CerAtiiucs attil are such 
fislies as have the mouth less obMquc or nearly lioriaontal and the skin 
smooth. They have one cephalic bulbifcrons spine and one post^ 



Tt^. I4l-—A Cf>n|tlli| 1 flrpi AJicr liamiun. 


fieplialic spine. The typical repn?seiitative of the gruup is iho 
Ofieircdes esckrichtti of Greenlunrl. Anothyr exunipk is the Paro- 
of the Boy of Bengal. 

Another relation of tlie Coratluies but dilfering so nmeh from the 
recognized members of die siibfEimily 
as to be eiititlcih perlmpH, to distinc* 
tiori as i! subfamily type {fJot&jfirh- 
tkyiTKif) is the DotophAthp^ 
of Garman. The liead is much en- 
liirgeiK the tiionih nearly or quite 
Imrizontal., nnd the body behind 
(eauditronk) singularly attenuated ^ 
the fins are much reduced !n sIkc and 
more or less enveloped in the loose 
skin which invests the body. 

The Ilimantolopliines and ^TCgieo- 
nichthyines agree in having a mod- 
emtely cleft mouth (in comparison 
with other forms of the family), 
osseous sctitellse scattered over the 
bodyn ^ pairs of gills and half gills 
on first and fourth arches 2, i), 
and a frontal spine with a bulb sur- 
rounded or surmounted by Blumentfs 
The rays of the best known fonn.^ aro Afi^r ciBmiAn. 

doTsnl 5 (four forked), unul 4 (third and fourth at Icaist forked) and 
cuudol 8 (all except uppermost forked), but the Et^t described species 
{flhnantalophtis yrmiia^tditvt) was claimed to have fl dorsal rays; 
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it is |>ossible (nr nvnn probable) that the tle^rilMr mnv hare juis' 
taken the branches of tlie rays for the rays thetnselras, 

While thus agreeing with each other tlie Ilittumtolnphines ami 
ilSgBfoniclithj'ines are remarkably dtstiiiguislioc] by a difference of 
form fso striking as to at first deceive the observer. The Himantolo- 
phincH^ as usual in the family, are comjjrnBsed while the vEgiPonlcli- 
tbj'ines are much depressetl. Such a diifcrenco is entirely except ion iil 
in a natural family and might at first prevent n recognition of the 



J'M)r|. th. iitO^ettulH^ikUtiit^ LrrinJ^tpr^l^lk- \Uvr LHIki'Q. 


dose relationship of the two types, but further investigHtioii must 
convince one tliQt thej' are really nearly relate{l, 

A eojiipprison of the typical species of niroantolophincs and 
.Egteauichthyines shows by what slight organic dianges the very 
difierent appearance of Uic two forma has been brought about. 

In nitmiitot-ophui tile bead and body are oompre^aefi, the snspen- 
soriuin of the lower jaw nearly vertical (sli^tly indined forward), 
and the mouth deft is nomiatly oblique. 








nOr Afitr 044^ tnd Bcku. 

By inspection of the figure of the skeleton, it will Iw seen that Uie 
suspensorium and side bones are articuliilwi with the cnuilum, which 
b compttrtii'ely narrow. Now if the head and body of the Biman- 
tol0ftliu4 should be crushed or pressed downward, the aide pieces are 
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In ^g(eamfihthif«^ the head (as well ns txxly) is exceedingly de¬ 
pressed, the siispensorium of the lower jaw very oblique and pushed 
forward, and the mouth cleft is more than vertical for it actuolly 


ID.—An jlZfiHiiilchfibjIjui f.Elevenf'UJiw. 


Ixickwnnl, ibc front eJge Ixhing docUl^dlj |)Oiiterior to tlie 
iirtiiTiiliitioii of tlio jaw with the siii^pfiiLsoriuio^ 
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ajici the moulU would become vertical or cutrodiwe. In other worilSj 
so conneeti'd tbat they wonld be pndied milwsrd as well as furwerd 


no. 21.—A aiiJonacctiDif {MtlVmTKffm* Aft^r Hraw^r. 

without any great modificaticn of the iDdividml boni^ or parts, the 


reuiarkahle difTeroncci; in form between the HiruaDtoJopliine mid 
JEgiuoniiihthyino wouJd be produced* 

11K>3-3S 
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The Mdftnocetines havct e?cu for tlie family, an etioruious and 
veri" deeply cleft month, the cleft insirly FcrticaL the akin smooth, 
and the g'ills developed as two complete and the last a Itnlf (2, i). 

Several genera are ktiown, 
the first discovered and 
tho richest in species be¬ 
ing Melan^eetus. The 
typical species is the 
la ntu9 JokmojiU 
first found off the ij^lund 
of hladcira. A fish later 
found In the Caribliean 
Sea caidr of the Central 
American c<m^t (lat. 13® 
01" 30'' N., long, ftl® 23' 
W.) at a deptli of t#3 
fathoms, was identified by 
ffoode and Bean (prob¬ 
ably erroneously) with it^ 
their figure (evidently of 
a distorted individual) is 
here reprodueed An¬ 
other species illustrated 
{Mdan^cetu^ krvcM) was 
obtoirLeci in tlie Indian 
fleean off tlie qoust of 
Zanzibar iil a depth of 
2,300 nieters- 
Another representative 
of the Melanocetinine 
Ceratiids was obtained by 
I the Challenger Expedi- 
" tion in the mid-Atlantic 
^ at a depth of 1.850 fatli- 
S onis and has been named 
3 Murmyi^ it dif¬ 

fer from Melanccetux 
cldcfly in the absence of 
vomerine toetli. A speci¬ 
men was dredged later 
nearer the American 
coast from a_ depth of 
2,450 fathoniK. 

As may be Inferretl from the siaie of the month and teeth, the 
Melanocetines are ravenous raptorial fishes wdiich may stimeiiTiies 
seize and ingest fidics much larger than themselves. For itrrtance, 


si 
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the first specitueti of .Melunocetut Johraami obtained by Mr. th tJ. 
Johnson at Madeira was Irss than i inohes long <fS..8 Inches), hut 
it hud actually engorged a scope! oid fish about twice its own length 
(7J inches). The extensibility of the jaws and connected partH oa 
Well as the tlilatihility of the trsopliagus, stomach, and integiiiueiits 
enabled the enptor fish to accomplish tliis feat. So completely had 
the captor ingested (hut not digestofl) the scopelid that ^ it was 
tempted to take a bait ” and was thus secured for idithyology. 

Another gronp (Linophrynines) agrees essentially with the 
hfelanocctines but are tiniqiie among the Pctlicuiates by the tlci-clop' 
ment of an inferior tentacle pendent frwii the throat. The only 
species known is LinopArjfitt' fuci/cr obtained near the island of Ma¬ 
deira. Tho peculiar ** giihir tentacle ” is quite large and tenninates 



“ in two tongue-like appendages, which are furnished on the tipper 
edge with a row of round ivhite papillae." Like the AfelanncetinciS the 
LinapAryne k a bold raptorial fish and the individual which wus ob¬ 
tained owed its capture and dCBth to its greediness; it had seized and 
engorged n fish longer than itself” and (consequently was carried by 
the gas evolved by the decoin|>osirig fish up to the surface where it was 
detected by a man fishing for turUcs and saved for “ the museum of 
the Chrhstiania University,” 

The Cftiiloplirynincs present a combination of remarkable charac¬ 
ters. The antepeotoral region or “ head ” is reznarhablv large—even 
larger than the rest of the laxly, the mouth very deeply cleft and 
little olillqile. and the pectoral fins are large; the ilorsat nnd anal are 
not only multiradiate, but most of the rays greatly prolonged. Onlv 
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oti(? sp&cies is kiiowii^ Cauiophr^ne jordani^ found in llio Atlontic 
neur the ^Uuerican ciiast (lat* 30° X., long. 71“ 15* W.) at u 

depth of 1^70 fatliom^^. 


THE OraAKTACTINlDS. 

The family of GigantHCtijiids h repriRsented by a single knc>T?rji spe- 
cieSt evidently related to the Ceratilds and, like tiicnit destitute of 
ventrals. but wiili an elongaied slender body. The dorsal, lytah imd 
eaiidfil Hus are like those of tlie Cenitiids. The chief distinctivo 
characler is the union of the wpinc or iilicium with the snout and its 
extension forward as u long rigid rod with a terminal complex 
lam pas and esca. The umuth is cleft itj a nearly hori!;ontid clirectioin 
The hranchio! apertures are in fra-axillary, ns in the Cerntiids. 

Tlie only specifMS of Oi^antneih yd found is the fr. ftan/t^wf/rm of 
A. Braucr* Two specimens were dredged, one in the (lulian Ooean^ 



TtKL 2«l.—Tbu typw of llw fnailly GlfaiatActtnldi ^Of£na»lociji ronh^iffTiiMfi, Afi^r Brtiwr. 


Vfcst of the Clingiw ArcbipeLoj^o, from a iJoptli of about SMK) fiitboms 
(IgSCO tlie other cast of Znnstibnr, from ii depth of about 

1^00 ftithorns (2.300 tii*). They were of small ranginjr in 
length from iiti Itidi and n quarter {a cm.) to an inch and n half 
(3.5 dui), exclu.sive of the illieium; the latter in the largest ajaieinien 
was nejirly as long as the rest of tlie fish (S.3 cm.). 

The habit.<i of this species must be modi1le<l in accordance with its 
funti and the cstens!on forward of its fishing njqiaratus. Ilie slen¬ 
der form, and especially the slender cnudtil pciluude and long deeply 
emarginate cnudnl fin, indicate a swift fish and one less prone to 
reuiaia near the bottom of the ocean than the other Pediculatcfi. 
The fish doubtless swims freely in the depths with its illicium di¬ 
rected forward, attracting the fislies and other organisnis in the 
water through tvhich it courses. A fish thus attractiKl is liable to bo 
darted upon by a vipjrous turn of the caudal Jin and aeised by the 
long prehensorial teeth of the angler. ITie catiro couformation sug¬ 
gests a swift-moving raptorial animal. 
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TIUS AOKHATIIDS. 

Another fftniiJy related to the Ceratiids is that of the Aceratiids^ 
which coatrasc^ remarkably with the Gigaiituctinidii by the complete 
lass of the illieiiim; tlie family name ref era Lo ihis charaetoristie. 
The body is more or leaa oblong or even elongate and subcylindricalj 
and tlie cephalic region smaller thuu in the Cemtiids. The mouth 
cleft LB not miich^ if any, above the horimntal line. The pectontls 
are liko those of the Cemtiids, but the dorsal and anal are much 
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reduced in sUe and far back; the ventrab absent. The illkium k 
entirely Fiippressech hut the interspinal bone appears to l>e developed, 
though mostly cuia.-ealed beneath the skin.'* Instead of the lantern¬ 
like or phc^phorescent bulb of the lUicium manifest in the Cera tikis, 
the nasal capsules of the AceratiidH are peculiarly developed and 
timy perhaps exhibit phosphorescent emanalldns. 

No species of this group were known till the present decade and 
the cruise of the decp-sca expedition of the Qennan steamer Fu/c//™* 
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On overhauling the fishes of the expedition fipecimens were fom^d ljy 
Ih-* A. Braiiert noticed in l£K?2t and later (1^8) referred to a ^new 
faiuily/' 

Thvec forms of the family have been described by Doctor Brauer, 
all obtained from depths of 1,000 fathonis or more—one in the Allan- 
lie Ocean und two ui the Indian Ocean. All ilic specjmens were 
young, being lesas tlian an meh long. 

«Doctor Bmner Las not demlbcd an Luter^^iiml bone, tart Ms Ogure (PL XVI. 
flfijt. S and seem lo ^present oae; so, at l«iat, 1 did temptea to Interpret the 

niustmtlMnii 
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TilE OGCOCEPilALIDS OR 3[ ALTUlIkd. 

The family Ogcowphalids, or bat fisjjcs, is In respects, at leasts 
ibe mosft cUh-tiurtly differentiated family of tJi* Peilionlatea. The 
head k large and miidi (ieprthssed, and, in moiit of the sjpeL-iefl, pre¬ 
sents consitlerable stiperficial appeariince to that of the angler^:, but 
the bniiidiial ftperlures are in nr iH^hind the upper (and not lower) 
axUs of the j>ectorn!$; those fins ure strongly geniciikted^ urad tho 
elongated [>sendobrachia have each three aetiiuists; ventral fins are 
well developed mid jugular^ the first dorsal is obsolete or represented 
by a single “ rtjstrsl tentacle*’ wdikh may be deflected tlowiiwiirtl 
by the horizontal exten^ioiL of the forehead; the soft dorsal and 
anal fins are very short and few’-ruye<l (I>. 4-7, A. 3^), and in one 
geniiA the dorval h entirely siippri‘aso(.l. 

The nuist rejnarkahle feature of the osteologj' Ls the grt'iit develop¬ 
ment of the opercular apparatuK, which is correlated with the supe- 
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rior pwitiim of tlio bmiicliiiil nportiirt^; the o^x^rcuUmi nnJ sub- 
ajMsfi'iiliitii nre connoctnl in ti triniifruUir jjlnte uxpniiinti^r fltiJ pro- 
longi^l bui’kirarfi and dowtiwartL 
For It loTi|f time the only g'eniii'a of the family known wore Ogf'o- 
fephalui* or Sfaltht' from the American coast and /7ff?feuffrrt from the 
Chinu'Jaiwnise waters, Ijitcr explorations, however, have brought 
to liglit over thirty species representing as many ns twelve genera. 
Only three species of Ogtoi^phalm and one of IlafkMtuea are in- 
habitants cif shoal wateis, all the otbera being deep-sea fislic.^. occur- 
ing mostly at depths between 100 and 500 fathoms. 

Tlie family has been disintegrated into two subfamilies, Ogwjceplia- 
lines, or Malthcines, and lliilieut8eijii?s, but they run into each other. 

Tlie typical Ogt.'tioeplialines are distmgmslnjd fmm ail other fislies 
by tt unique character. The foi-eliead is produced into a nearly hcri- 
SEontal process which is so extended as to dedect the rostral tentacle 
(a vestige of the first dorsal fin) so Uiat it is actually directed down- 
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tmrd. This iii well ill list rut ctl Uy n front view of the fish. The 
teniiicle is retractile into o pit under the froute‘reatral process or 
liorti. 

The singular elongntiun and geniculation of the soHialled aims 
(pseiiilobrachia) and pectorals and the position and ciiarueter of 
the ventruIs enidde tlie dshes to progress, ns qiinflmpeds do, by 
hopping; at least so it has been ciaitued. Swaiiison (1830) pub¬ 
lished ail illustration of a .Valtfie, purporting to be “ acirurately 
drawn from a specimen [lie had] secured on the BrazilLiti coasts,” 
in such an iittitiide, The relative functions of the niernbers are 
i-urii>iisly reversed, for the hcanolngues of tlie fore liniha are in these 
d.shes bind liml« and saltatory, while the homolt^ies of the hind 
limlis are advanced tu an anterior pusiliuii. The present wriier baa 
had no opiwrtunity of late years to observe living fishes. Indeed, 
nllhough not rare, nliiiust nothing is known of their habits. 

The most common of the species is or .VaJthf vt'it- 

/KTfilio. Sea bat and Toadliah, or aiinply toad, are venincular eii«iv- 
ulenLs. Mr, Barton A. Benn has kindly communicated to me aomo 
observations respect¬ 
ing its occuriieno*' 
and habits: 

In rogard to Uie oc~ 
eum^iice ami 
UkkJtltfl of I cflu 

only liiny tlml Lltese 
d ^ li o R II r e ixiumiijii 
proilttit Hie diK'liS, in Khj. 30.—A «t nUf Dillon, if hep tiwnliuoik. 

wnter. of Ki>y 

WeHi llnrlwr, In IftOl tJtinaciry atkI tlic Week of Fijbriuiry) 1 

tlin.HL+ weeks Iw Key W&^t prcsk-rrlop AhIh*?! In feitiuilln for * 4 clitblt ai tin? 
Pnn-AtneHHin Kspuailleti liolJ al EuITclId, aWw York, My oiilflt. fiiir tLii work 
WAS keyit In il eiuhII at Uie eiiii of ii amued wliti?li, iif Uaw-wAlvr fltaKo 
of lido, tlic Moa wiin sIjuUow; the wator wan elnar aad the hollom pin Inly t/avm 
“Tikada" worn coiuiiToii Itbo ut Key WejjH always otilEi?d “JukI 

tckudfl"^) nud were aften oljsc^n'ed rostLo); tso tlte t»ottuiu or envlimuini^ tlirou4!ti 
tlio water, mtlior miildly 1 for m alU}q$li<iU-kH>kiti|; fisli- I'lwlng to tlio 

AlnilkirMy of tkclr nolor to tIuU of tka tHdrom ckf tin? luirtHir. iln'y wore not en*^ 
to siGO at tSuies^ and wbru frlglauaiwl, la hurry to nway^ fhuy WfkUld 

Ktlr lip tiio water and LmiKoih pht that it wns n* I hem ai^aln until 

thify patksed lalo cTent water nud Iwai conho to tvbI some dlsHanee off, Thi» Ihdi 
xi^-oiild rG«t ou llR peetomlH. hut I do not reciill aeeing one incivo iia if walking- 
iiellhur could E toll how mocli ttie pectot^ln wore uiied la iffwliumlui;. 

The df^rtbutloii of IfaitAr would make au Jiiter^Bliug study. On the Or Inn 
wo fnuuU th™ holweoo the Fforldn Keys* ©> miles or »o aonlhwe^ of Mhiiol 
(lu Dei'emhor)^ and from that Hiutbwnrd you tlnd them umre or common 
nen»rdlnj^ to bottom. Amoag tbe key a uortb of Key Weal wo them in 

water with ban! bi>ttom. hut on whkh Iboro in euiisldemble M^dlme^t. hrohdi 
coral, '*iotlon stviiges;’ rocks* «lc. Around Key West HiirlKir the Bab* us 1 
have already atuled, was fairly wtunmm Kl^iewherc It wiia not bo well known. 
On oar Inst fhll trip I was introduced to ft Uddmmiau at New Smyrna, Florldjap 
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wlio told toe tliflt Ih; Jmd quite a curtonity tii tcjiuw lue; from hlu ileHerlptltm I 
told the lUDu tlkut hlu nKb wan a Ifallhe euiJ, on abowliiji iiini u pirttire vt Ibe 
unliuni, he said tltat waa tt. twater he wuut home uiul precuml the iqiwrliiivu 
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tor me. tohliME It fmiii » tiaali barrel jp,,, ,,,kb he hud thn.^ 1l He ml.) U 
w»i the ««nd wlmeu he bud oreu. uud hr ta a man ef e*. 

perieuce. Onr raptoln f PIneh whoue Lume ta la New Wtoj™, told me uCtur. 
ttara ciuit the Ball occ^vliHuiUj^ tak«a tlwr®, 
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In 1{>G3 Hi our csploratSoDLE Lei the BuLjiinii JfllAUijEt wr* tlJiI not ti^cqpif u fi|ie€l- 
CQSiii i»f I HOW Bouir^ tliliM in the eurlti sbi 4 hg, but not kiioi?:Eu^ whore 

tliej camo from did not oallei.'t iiny. 

Tlie nunilK^r ijf spocics of Ogtfoc^phalm L=? nnt quite certain. Jor¬ 
dan and EvernmniH however^ necognisyj three i^]}ecLi^ for the eastern 
roast of Atnerioi^ and {larttian lias described a species which he con¬ 
siders to be ^inteniirdiate^ iKitwrcii the O. Peftpertilh ajicl O. hiiffi- 
Tostri^ from olT the Cocos Iskmls (lat- S® 45'" N., long. SG® 
30" \\i)* The Padhc Ocean species was obtainetj frotn a depth 
of fathoms. 

Another of the Ogi:ocepholine group is also an inhabiriiut 

of the Pacific waters anil has twen driHlgeil off the coasts of Mexico 
and Central America j It lias a lutMider ilirik than the tj'pical Ogca- 
cep/iuli and has hi^n 
nametl hy Jordan ami 
Ever maim Z^ttien 

elatt'r- 

T h e ITalieuti^ines 
have the fondicad flat^ 
or nearly so, the disk 
generally rounded or 
truncate in front and 
the rosia] tentacle 
fwhen present) lii- 
rected forwaid. Tlie 
species are of small 
sirxs ranging mostly 
from little more than an inchT as in the case of HaUeutella l^tppa* 
to about 6 inchi^s* in which size Di^mnckit<it sometimes 

attains. It must lie reiiieniljercih however* that in mm\ cases our 
idea of the si/e is nhtaineil from knowledge of feiv inilividiials^ 
and inBy recjiiire to be modilied hereafter. Another noteworthy fact 
iH tliat a rCHidisJi color or line is donunant in most of the ^specics^ but 
not in all- This color is largely asi^iated with fishes of iJie mo<ier- 
IItidy di^ep but not abyssal seas, 

AVith the exception of the Chinese and Japane^ie 
all the species are inhabitants of deep sens. They are distributed 
among nine genera^ distingubilled by the presence or absence of 
vomerine nod palatine teeth, the number of gills {whether 2 or 
pairs), the size and direction of the mouthy and tlie form of the disk. 

There Ls a genns which has been named MaUiopms aiid approxi¬ 
mated to Malthe {Offcocepluilus), which, however^ h rather more 
related to Uatht^ta^a and ita kindred, so far at least m most of the 
species associated w^Uh it are concerned- The typicul species (Mai- 
thopstU fuleua) k exceptional on uccouni of the projection above the 
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Pia, ip(frffl»r, VImw rrO» lldr niui rwm *1>om. AH»r GUlwrt and 

CrUMh 



no. 3«p—JldJlAofMii fidrvtia. iUter J^Fdui and fliiado. 
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rostral regioa and may render necessary tJie reunion of the Ogcoccph- 
ulines and HalientLnes, Jf^tltkopHiS is a genus of eight or nine 
having In common teeth on both the palatine and voroerine Ixmes, 


brunchia^ only on the setrond and tMrd arches, and a doi;sai fin with 
five or sis rays. Other examples of the genus are the Multhopeis 
miiriffer and 3IaIthopitiJi 


Tlie longest known of the ITalieutine genera m Ilalietiiwa typifie<l 
by the flalteufftii xfetl^fd of tlie Cliino-Japaiwfsfe waters, But little 
is known of its habits^ and by Jordan and Sindo (19(K) it was do- 
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clared to be. along the co«i5t of Japan^ not very common/' but never- 
thdesis dried Hpccimens^ 2 or 3 uiclies long, may bo cic-cai^ioiially 
found in the boxe^ of shells and otJier animal exported by 

Dainesep A distinctive name has been given fay Japane^ fishermen— 
Akogutsu, meaning ^ red dioe.” The genus is distingiiished by tlie 
combination of a toothle^w palate and the development of a half- 
gill on the fourth hrancbial arch {% i). QUier species of the genus 



are the llalieufim coc- 
chea^IJ. niffra^and / 7 - 
ffardineri of the Indian. 
C>c5euii^ found at depth-s 
of V2*i to fathom^^* 
llie Ilalieiitine^ next 
to the naHeui^a ^tei- 
Mu longest known^ is 
tlie nalwuHchtht/n <jea- 
leaim^ inip^'rfcctly 
described as a LophiiiM 
in 1318 by Mitehill. but 
not adecjuately made 
known till 18G3. It is 
also one of the most 
common and least ba- 
thyphUons species of its 
group. It has la^en or 
may he found in aJniasi 
anj" place with a fitting 
bottom in ibe Gulf of 
Mexico or Caribbean 
Sea or along the coast 
of Florida at anj' deptii 
from to fathoms^ 
The color iHiiiort!^ varied 


rjn- vfcw. than in most of the f la- 

■nii bplDw. iiUtpr OiMMUi nad Ucaii- 

licuUnes. Aocorili ng to 
(foudo and Hcau, th« bnly is “covered iibove with retlculutiom; 


of brown, the general hue ^^l^ymg from light yellow lali gray to 
grayish brown, tlie marking being darker upon darker specimens; 
pectoral and caudal finES with about three dark bars; the terminal 
bars in young verj* block; body beneath, milky whitcL” The palatines 
as well as the vomer are provided with teeth; the gills are reducsed to 
the perfect ones of the second and third branchial arches. The d l^^k 
is subcircular or ovate. 
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xUmost all of the H^Iieulines arc mucb dtipressetl^ but an exception 
15 manifest in the SalieuMta hppa^ as will bo evident from the two 
figures here reproduced. Hie body is unusimllv conve.v above as well 
as belowy and iJie two surfaces are limited by the zone of spiny tuber¬ 
cles which beset the sides of the disk as in other species of the family* 
The subglobnlar sliape^ m ivdl af* spinesoense. liuvo suggv^tcil the 
jiame (burdock) which has lieen given to it. T\\p only specimen 

yet found was a small one (1} inches long) dredged from a depth of 
l2o fathoms off the Xew England co:ist (lat. S9® 58^ 30'^ X,, long* 
70" 37' W.)* Two aUier 
species, however, have 
l)etm described. Except 
for form the Kpecies agree 
witli Haneuticlithys and* 
like that genus, have vo- 
nierine and palatine teeth 
sL^ well as a bnif-gill on 
the fourtli arch (2j |)* 

So far as our present 
knowledge gocii, the most 
abuiulimt nnd generally 
tilstrib Hied of tlie Halieu- 
tines is the Dihntnchui^ &t- 
first made known 
in 1ST5, very mimerous 
specimens h a vi n g Iwen 
dredged in the Atlantic 
(XicaiL and near the Afri¬ 
can as well as American 
coast at depths ranging 
lioiween 22 and 523 fath¬ 
oms. A single specimen 
was ubtained off Block Is¬ 
land in 1889^ The color 
ia uniform reddish gray 
above^ s4liglitly lighter l>elow.” The di«k is ovate and modified in 
appearotice by the develiipment of opercular spines or processes 
behind the lateral borders. The generic characters are absence of 
teeth from the roof of the moutli, eil;scmce of gills from the firal 
and fouz*th gill-arches* and iJie stlightly produced supru-rostra) 
region. 

Half a dozen sficcics of Dibmfn:ku^ have been described In recent 
years froni the Pacific and Indian oceans^ m w'dl as the Atlantic. 

A Ibinl i^iihfamily typo (C{rlophrynines) is represented by a amall 
Ogcoocphalid described by Dr* A* Brauer in 1900* In this the body 


Fta VIewi from i34« 

tbow. Aft«r Oooa^ iis4 IWaii- 



596 anktjal report smithrontan rK&riTUTrox^ 190S- 

flnd pectoral Hiembor^ jire not extendi ljit 0 r&tly as in the preceding, 
liiit the form is oblong^^ the head truncRle forward and witli a vi^vy 
spacious rostra! carity provided with a wide and compljcated tentiu 
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rle, and the pectoral members jiro less free and divergent from the 
body than in other Ogcowphalids. Another remarkable diameter- 
i^c IS tlie very Iiuckwanl position of the branchial apertures within 
the axill» of tlio pectoral members, so that they am much nearer to 
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the oaudal fin than to the ridges of the head. The only ^pecie^ 
known is the C^hpfir^^ hrericf^ud^tu^ of which a single specimen wai? 



t’ro, 4y.—A pMuILkir 3Ji]iliit|4 fftuart tjfT Siiaiiitrm At it iivitlh at mBL«ni H'wJcpArv* 

&r^rlf^alJ4i|iKlr VMwi fruiB Hl»OVc (h | and from the flldf Ait<^r Itrara^r. 

obtained in the Indiaii Ooenn from a depLh of about TiOO fnthunis 
(1^024 ijieters). 

PAKT II. 

ntE ItABm OF TYFICAI* AN1XNK AttltOa. 

Very little is known of the habits^ of most of the Perl^cuIate^^, but 
considerable has bf?cn ni^certained of the pecnliar characteristics of 
specie^} of the best-known genera of the family of Antennariids. 
This has been collectetl here from many sources. 


ANTKKNABIUS. 

The genus Anicnmrim has the Ixxly covered with prickies or 
luinuto spjnulcSj the mouth h subvertieal^ the caudal petluncle free, 
the wrists and pectoral ling wide* the pectorals entire, the ventrals 
shorty the dorsal tin ^1:5) moderate and less than half ns long as the 
body^ the third dorsfit spine more or leas concealed below the skin^ 
and the anal oblong and provided with seven nr clj^t rays. 

Such are the characters wiiidi serve to distinguish the genus from 
PferopArt^ne as well an liht/f^hsrfts^ niMflophri^n^^ Sacc/irhis^ and 
Tatkicttrpwif otlier genera of the same subfamily are so far removed 
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by tlwir characters as not to demand sprcinl L-omidenition here. The 
species may l>e designated as “ sea toads." 

Tlie fishes here calJ^ “ijea toads” are generally known to Uie in* 
habitants of most lirttigh tropical colonies as '* toad Hshes,*' but tn 
.Taniatea and some other West Indian Islands sea toad is usedi and 
that quite apt name nmy be adopted and contrasted with frog fi^i, a 
mime sronetimes applied to the sargasso fish. Tiiere is ii further apt¬ 
ness from the fact that the si^a toa^ contrast with the frog fislies in 
a iwamicr nnaiogiMm to that manifest in the ivnl toads and fmgs, the 
former having very rough skins ami tlie latter siiUHith ones. As 
every coast-frwiueiiting Anierkaii knows, toailfish is applied liy 
(ishemieu to a very different fish—llie Ofmtniit of JiatnralisiH. 



Pm, 41.—4 fJiilci] Ailirnnirlaii MalrnnerliM aar). Ari>T JonUn a«d Boribr. 

The H<i>a mads ore inhabitants of tropical seas, and especially of lUe 
comlligenous iffnne, and in the envirijnmeuts eharacteristie of sneh 
ivatets they find fitting homes, w'here ucronimcHlation and food are 
.dike semirwh the freig fishes, or sargasso fislies. are uilapted by 
tlieir eoloi-utmn to tlic peenliar conditions under which diey Live, w 
are the sea toads to their different nreiiiniftaiiceji. Tlie brilliant star- 
et and other colon?, whidi render them so wnspicnmis whom iwen in 
he 3ara of ii rnnscum collection, arc quite in hannotiv in their natural 
hmne and assimilate the fishes to the lirilHantly colored coral ani¬ 
mals and the other cirgannsms in the midst of whi^-h ih^x- ;« 
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mny be visited by nniinals, somp nf ’srhich are liable to l>e attnictcrl 
hy the expecfatieii of a tit-bit^ er by curiosity^ ^tifficieiitly near to 1 m: 
engiilfed for fnod. peJrcUng a iitting place* such as a fii=auFe or inter¬ 
val lietween neighboring masses, just ^vide enough to get into and 
hold on to» a fish may o^ume an oblique or vertical position, some¬ 
times looking donnward, soinetimen with head upward;.]! then ti&es 
its pectoral fins to obtaio a good purcha!^ on the roek^—a foothold or 
rather a 6nhold^—and can thus remajn stationary indetinite]y, 

A living fish, the LaWali of the Samoans (,l wfii-jjaffrii/A ^ 

was carried to T^Tiitniec and toiiKigtufd to an aquarium. 

It was bmualit In ii coeouaut lOieU wlili verj wjuvr* And Us fttoamrti 

WNH KreJJtlr dlsteadt!!] wltk air. When put lata tlie aquarium tt wna mnw 
minutes before Jt eouhl hLuIc. Jt hard to Ket dowu. aud na tlic air 

wrtFi dlf^!liaT£ed it wvnt d«WEi and tmaaMllEttely JitUicliwS ItMf, In a vert lea J 
poflltlDU, lti a blocfc uf corni by taeaaa of lls pectoral uial vcnfral flna. TheM> 
were dlBteude^l. nml loolsed very luueli as if they the partKiso nmcJcfcru; 

dEska (like the united veatrata yf the Gohitlar'^ ya well as aniru-erltig In jdaeo 
c»f feeh 

Wlvm attached it held on firmly and w as with difficulty dlsengogiyL 
Natives^ assured Whitmee that they hnd ^Maken up a Idoek of coral 
with this fish attached,’^ and had great dilficiiltr in !^haking il olf/‘ 

An example of another spaciefi, tlie Antena/friui^ in 

the luairi behaveit like the Lfi^&talu but assurneil a different atlitnde. 
Tt was tjikeii to Whitini?e out of the water and Lad bt^n out several 
minutes. 

\l nntuewluit exhftasled* hot sooa recoverifij when \y\Bce^ la the water 

It alfected a Pluisuljir fjosEttoa^ [t amv^xl yn*nnEnnally from oyc place ty an¬ 
other, and ovldeatlr lirefcrrcd tk tKraliLyn bi^tween two eorul blocks a^r ti> 
i:etlier, llefe tt planted Its veatrabi firmly oa the fifittd at the l>fkttoin of tlse 
iii]ilflrltiEn» while It fixed ita la tfie tnnatier of disks, ciy the nidus of the 

blocks of coral 1ietwe«i which it was slntleued, and ralstHl ita pcwiterlor extrem¬ 
ity at an au^le ml Uf from the vertliral. 

In this position it reminded ’tVliittuee 

of the aatiea of "cUy Amb#i^ who walk on their hmtU with their la the 
alr^ Jtit jHiitture wbk ntnuM exactly thai assumed In such ttu eiervJse. Tho 
Oiudnl fin was beat over toward the dorail yuiS ia a line with it, while the 
nmii was hroaght almoar Into line w ith the major axis of the bwly, occupying tbo 
tuition belocglng to the enydni Whenever It fixed It#elf for iiuy length of 
dtne, it wjiB always ty ibM lajHltlon. and In that attitude It angled wllh the 
ctllnred anterior dorsal for mmp of the sn:ian flish In the aqunrJum. 

When the sea toads attempt to swim, in tlie familiar words of 
^\^litmee, they “cut a potir figure,'' The AnteiinariiJfi 
“ prepared to walk where it could.” but only enough lo go a short dis¬ 
tance from one position to another. 

Although highly carnivorous, as their oral structure imlicatcs, they 
are not active hunters, but wait till their viirlinis come sufficieiitly 
near to be seized, Their presence is disguised by accommodation to 
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tlieir i^rroondirigs- The after a few moA^ed 

from the first position and, ajjjiflrcntly, j^nght one belter adapted 
to its habits,’' li ibrn 

flioJ llfl&ir. In n vert leal nosltroii wltli Uie head o|n la titi tiidf^tatlon In n Kim I 
bloek whlpJi pTfutty welt mutcliM Its When nlMtenGa It liM^ked nincti like 

ttn! block Itself, the rMUinennfi teatitcrk^ ntiil oeeiJntLHi sjHits j^ailj- t^mbllDa 
tile fine soawt^ed niul colon?d nnllliHirt^ with wLleh tlie desnl twtrtlonB of corals 
Attil atcHo«i an* tnore or cottlCil In tropical sens. 

It inilwd upfienml to TlTiittiicf? to present a case (jf minuerr nnd 
ecoiiminodation to its environ men ts. 

B4>lnj?: a slow ifwlitinii-r ami ramlTorou.s 3i hita to iret I is fotal hy simtuia^iia+ 
Heiitv tUe ndvnn tii^ uf Okh* ctnimcterlstieB which uuike 11 «o p?rrth?Hqtin In 
s|]|H«amnce—wide vert Soil month, rough atnl eqioio^ skin, wttli tuMineons 
tentacle^, nrkl the anierhir donml sidne modlikHi Ihhf u liort ten bide. 

Tliey catch fishes if iliej can, and cat them ^vhen Ihcy can get 
them. The Lfi'ohdh soon after Imtig tronderrLd to ilie aqiiarimn 

TDinltiHt n silalitlj tlectiMiifflfiPil fish 1 Inch 0 llnt^* la leo^th. Tills was one 
ef ihp Hmali hshes alwnyw seen In jrrvint ahiiiiiliithiH« ntiont the -i^inil lutcrhea. 
hlhhniia nt the fine seawH^flH and the prowluu ^kjIuls of the ct^nils. The ciii> 
tan* of such flshe« when iitterKti^lonslj jippmuiHiing it^ 

Wliitmec thought, wonlrl lie 

greatlr fncjlltntoil hjr the tftmnp enrreot prodncnl when fids AnUttmriuw nnrfca 
ihe water Inlo Ita iliiHiehum Jaws. Fnnii m vert Sail rHKSltlmi. when fl.ved c»n 
n stone, ihe Jbws ojicn herlsontAUr, and tht*y very whle. 

Wlieii examining the fish Whitmec pbeTrl it in a basin witii alnnii a 
pint of water. So inudi water was tlrtiwn Into Ihe jaws anil exiHilIerJ 
with such through tlie bnnitrliial “ foramimi, which arc tlirected 
bnckwarJ lichind the pectorals, that a rapid rotatory mdtiou was 
proihiced in all the water. Tins,"’ it was thougljt, would Im snflS^ 
eieiit to engulf luimy a small fish or t riiPtacean within its stomach.” 
Whitiiiw was unable to obser^'e his fisties feeding. 

The geniculate pectorals and the attitude the sea tc«id aisnmes sug¬ 
gest the ik>sNibilityt if not probability, tiiat it may its coral foot¬ 
hold as a bBse from w'hich to leap upon n fish attracted near enough 
to jiistifj^ the attempt. Donldless the general lielief that *^ome fisiies 
are attracted by the appearanco of the bait” or apijemltigi*?; of the 
K*phalic apine has a foundation in fact, and an incBiitioiis ft^h may 
come so near that the angler can spring upon and capture it licfore 
the victim finds out its mi.dake. 

Notliing is known of t\w reproduotivc prooasscs of anv speerist of 
spft tdid. Iiowoi llis Hivpt'gicntA to suci) i^ixtii^nics ns tlio 

angler ami the sargasso fish ttssentblly ngrw in the manner of Disposi¬ 
tion, It may lx* suMy assumeii that the Antennarii share in tJi* habits 
Olid metljods derived from a common ancestry. The female sea 
tOfKls, thcrefons doubtless discharge their mature eggs of one ovarv 
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Rt nil Jit Btid in n jeUjrlik* envelope or rnft. whoec buoyancy 
flwit-s it jit the mirface of the wtiteri thme the fertilized egg^ nre de¬ 
veloped, and the lil^rdted young at first live near the topir but in due 
time ile^end to the coral groves and lead the lives of their purents-* 

The statement made by Ounther that Antennnrii are “ carried hy 
eiirrents to the roast of Norwiiy and Xeiv Zeiilaiui or the iiorlhem 
irniled States " hits not been verifie^l for any trne Hj>edefl of AnUn- 
narufjf, and is true only of the species of Pferopfiryne. The further 
asserlian that the evlraonliimry rangr of some of the species, which 
inhabit the Athintie as well us the Tndn-PaeiCc Oceatij is the conse¬ 
quence of their hnhit of attaching themselves to lloating objects ” 
is also only iipplicnhle to the rterophryiies^ 

The Si*n toads are not entirely hannlc-tf, if >ve imiy trust to the 
nlwerviitions of l\liitmoe, Acscording to him^ the natives? of Samoa 
frE^iicntly get stnng by the thiml dorsal spine of this fi^h when 
tlicy litippen to pick up o block to whidi it ih attflchcd iH'^fore they are 
flwart? of its presence. It mMmB ven^ gn^t agony, which n&unlly 
lasts hours, anil somerimes two or three days.^' It is possible or even 
prabable, however, that the really guilty fii-Ii Ls another uncouth imi^ 
niulj sotiiewhat like a sea l(Mid and living in similar positions, but 
really quite diffmnt and known to natExmlists as \\ Tlu! 

spines of sea toads are not well adapted for inaicting harmful 
wounds. 

PTElHiriiaVNE- 

ri(c ji^niis Ptft0phrj/nf lias tluj lKid 3 ‘ luikatl or j^anular and nicroly 
pniviiled witli ciilaiieon.H tags or apiwmbges, the iiiomli ohliqiie. tb’o 
caiidul [n'tlufielc free, ilm wrists uml [Kctomla comparutiv^lr sliiiicler. 
llio vviilrajs pjimgnted, Liu* dorsal fin longisli (12) atul more thuii 
half as lung oa IhkIf, ilia third dorsal spine mostly free atul the Biiiil 
esteiiilLHl iln^rnward nnd witli acren mvs. 

“Frog fish,’’ “mouse fish,” and “sargasso ll«h ” are tho prineipal 
ixiptilar names which hare been given to fishr« of this genus; the 
first is the one liesit adapted for use here. As to the scientific name, 
the Ptt'rophrijnti Ais^rio, It hoa been claimed, “derives its epithet 
from tho prompt iind rapid movements wbidi it gm*s to its fins and 
rilainenl^ and which have been compared to scenic gaslicnlation. 
Proliahly it may have Iwen also thi« named liecatuse it can ropidlr 
swell out its alalomen, and changes its figure, as it were, lit w’ilL*’’ 
Sucli m the explanation given in volume 10 (p. 370) of “ The Animal 
Kingdom.” of Cuvier, cilitcd liy R, GriOith. It U only necesary to 
add that IjinnsDus did not know tlie living fi.sh and siniplv gave 
the name becanso the varied coloring reminded him of a clown or 
harlequin. 
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The frog fishes in the Atlantic Oceiiti, ot leasts am mostly inhabit* 
ants of the “Sergnsso seas,” or “Sargasso meadowB,'* in laid-oconn. 
and in the midst of the seawwil they find congenial liomesL The 
corntiion form of the Atiaiilic. indeed, is generally caljctl the “ sargasso 
fish and is, according to J, Ifutlliew tfoncH ( 1879 ), that “ one species 
of fish which, oljove ail others, .seems to Ijelcing to tlic 
and “ irbich from its peculiar a mil ike pectorals is especiallv fitted to 
real upon the weed/’ Alexniider AgoFsiz also ( 18 S 8 ) dcelnnsJ that it 
was specially adaptistl to live ajiiojig the floating aigse/’ 

It is, as A. Agassix Inis suggested and Mosely aflinned, like other 
inhnbitonts of the SurgassKi i?i?ai *' in llio same way colored weed-color 



spnf-S and simulates the apijearancc of it,s environments, 
ti tut ler, there is that same subtle and even nmrveloiis power or 
rather saswptibilily tliat is evinced by some other animals, of assimi- 
latioii to the varying hues of the plants amidst which it lurks. This 
i-apacnty r.f the finh for assimilation in color to its enviromnente was 
manifest in mdiyiduals o|>^r.-e<l by Dp. Hugh Smith, TJm animal, 
m the midst of living vegetation, exhibits color harmonizing with it, 
but when the scoivwd has decoyed to a lirownish hue, its color also 
duinp^ to a corresponding shade. Conspimioiu as tlie fish is when 
isolated in the water, it has to be searched for when amidst its proper 
^nviromuents^ ^ 
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J. E. Ivra (iSSft) ims c.Tiejidef] the thvary of iLdiiptution to an 
^‘xtreHie. According to him 

Till? fTTOiinil coSor of thu flah ts f»f n palo yeJlow. nn J mi tbis llfclil bELCkKrotinil 
nre dark&r Irr^'-Dbir bnowEiSali liatiilft, cloMnly nwiublint: Hip bni ached frauds of 
the Dsrmt^T w(nmL Alont; iLe of djirkor haisda^ on the iheiri’ 

wliest, nniil arso to a oxteat uirtui (he of the hods', are little white 

sjm tK of varloiiB on nn nvenaioie uinmt ihht of a plo's iii^ud. and oa the 

ilor&iil K^jiaea, are aomeroua li^itllke culoiieuaa I0aaqeat& 

“ after ftTireful consickration^ hail cnino to till! c^OficlufiLon 

thot the color mnrkingt! of the fkh, nml the ontaneoHs fiknientH. lidU 
been developed in mimkr}’ of tiie Siiirorhirt-cov^reiJ tiaigiui^mii weed.” 

1 he sarffasiinffi, iic it reniiirkiHj, k cine of the fucaceoiiij iilgte or 
seeivectk nncl Ls iUho known as ^ wirgazo*’ or sargiusjjo,’- “ gulf wcjed,” 
” sea lenljh ’ ** sea grape,” tfaenfen/m is tl)c specific name 

mostly given to tlie kind in cpicsticai. .\owtrtling to Harvey. ” llie 
floating rroiidrt generally grow from u centniJ point, from' which 
brniichea extend in till directions. In such st>ecimens the appears 
to be a friigment of broken bmndi, rather tliaii a true dhwtfortri root*” 
Air vcsiscls are verj' uumerous mid “ about as big us peas.” These 
air \cssels or ” bladders ” buoy up tlu* Mirgassiim on the surface of 
the sea. Thi' plant iiicn>aKijs indelinitely by '* iJic continuul breaking 
up of the old fruiiils and the continued growth of their brokon part.s,” 
and iJiB floating masses spread over the surface of tJie seas. In thL 
floating state the specie-s never forms projier fruetilieatiou ” and 
there is, ihcreforei no grow'th from spore-s,*' 

Althongii floating on the Jiigh seas niid thus at the mercy of the 
winds and waves, ncverthclesa, tliose agonU operaic in audi a manner, 
in conjunction with the curreriLs, that, for year after year and century 
after conturj', nearly tlio same ureas of the otvan are covered by the 
plant. It is, Ilurvcy justly remarks, “curious that the great "iMink 
which extends between the twentieth and forty-fifth (?] pareilels of 
north latitude, and in 40* , from flre«ma’idi, appears to occiipv the 

same position at the jirtvent lime as it did in the days nf Coliimbiia ” 
who first describeil it. Persiritent ms it is, a considerable fauna Inis 
bcei developed characteristic of the sargassum or sargasso iiiemlows. 
The animals that find homes in such iiuariers n^i>resent most of the 
cla-sres of which species are foun.l along the shores of tmiuiiients and 
mhinds, such as crustaceans, gastroiHid.s. cephalopoda, and fishes, mid 
ad these may lie relied upon for food if they appmndi within reach 
of the Pterophn-nc, Pome of tlie most characteristic of these are 
^vimmmg crabs fPortnnids) of the gemm Xeptmtm and tiie squar¬ 
ish giapsid named PlaneH mlnitlui,- small cuttle fishes of the genua 
<?nyt'AiVi, and fishes of the pipefish family (Siphotitomo) and amber 
fish (5mofo). Flying fishes of different kinds are also tenants of 
those fields, although they may. rarely show themselves in tlm air 
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Although the oceiia ui'ea covered by (he sargassum is approximately 
the sjtme for utilimited time, there la, nei’erthelesa. an ever-present 
Uahility for drift of iDdlvidiial plants along its bortlers in tlirections 
determined by cumMiLs and winds. Xatiirally the attache of the 
plnnts are drifttjt] with them. Thus it happens that there are not 
infreijnent incursions of the Pteropliryne on the American toast and 
eapedally along that of Rhode Island and southern IfasjaichusetUt 
Dr* Iliifrh Bniilli 

In 1KI7 hnd nn ft] unity to miect iiuiny j^pwSoions <if tlie fl^L la VlneyjiDtl 
MiMliMl WochJh IfoJe ntid to nb^^rre thy ttolwtvlor of numbonr kf-jit s&voniJ 
[ii tlio ji[|URrifttii of thy tturemi of Thi? epoclea occcira only 

au IfivoLiiiUtiry itmi^ckT Iti thiit rvirloii. uu^i in ihlrty-Hvi.' yyara Juii^ Imhh^u ob- 
ficrveil ilivn? dsprlnjf only llvo or sJi Tlio tenoo of soythofly wltnJit 

aiuJ Lbft of mits^ of afirgiUBSuwi are casontljiJ to lift ati|icaniiic« of tho 

flub on our nnrth AGitutlc cusHt but etfu tlLbi comMiuitlfto oflcu fulLn to yield 
Llio Tho ymr In whleli there wna tlio most nutowortliy ocmtiroDce fit 

V^ ftodif Hole ftfTfihftre wind? JiroVtillcd In rionirucr to uij. tiniTSUol «ki,TW, uud iu 
duly larwe iimmtlll^ of woro blnivu loBhurr from the Ouif 

aud with It the ftNh. liurinu tlit* fotrciijoon of July lu coin puny with Mr* 
Vioni N. nilwiird^ 

r^octor SiJiUh jicctircJ spceinictns in the Vineyard Sound 

by ^niply dlpphsi? mi thi^ of mr^tsum irlth a rttnall not, the flwli Uiem^ 

flvlvcs Hot Ifelug' In ihD walnr: on thm fsnmi^ diiy ^ Kfieclmutis were col- 

IfKltf^d by othor iPt^rsfiUp, nnil iltirtnit thi; fuiualiiclftf of tht* KEinsnicr nbout 54) 
more ware obtolnet). Thi! fleiltw tnuiaf^irud to tho nijuctrluni were from the 
ontset (itiUe ludlircrent to auUlvity and niiilntatuDd an attitude of mpOBc timt 

wna Efftldoiu hruken. 

Under ordinary e^ditions the Pterophryne U a solitary being, 
and there ij! uo ajisoeiation in largu or even imiiill iiiimiKra. It is, in 
fnet. a r[uarreiHDfne fish, and as a rule different indiv^iduala vvill not 
tolerate near approach *>f their fellows. If sevend are brought 
together in a small aquarium, one may not only take advantage of^its 
larger she Uy nipping oJtthe cutaneous tags'of a itmaller associate, 
but end by eating it. Two confined In the Beaufort aquarium were 
observed i)y Giidger to l)c 

rontlaanlly ta ihwe (latlj- waitwits tbe Banner sutTweil cutwWtmbJy. 

Its flluniftolouM nnd cvcti the tudfl of lut fitm hclu^hltt^u tffT, 

IITien the snialler fish was al last removed the survivor did not 
sMiu to miss its companion.^ Several, placed in .a larger aquarium 
at Woods Hole, * - 

Dccapted (UtTerent jains the ttriiairlum^ii]i.ilji,ta wnawJwl anioDK aliae oo 
the linttoaj. soiutJtlaiw bldilaa licbinil atmics imd ether objcetn, wiuutiiqea iylae 
ta rockr ejwflwa, anti MmetSaica Huspetided ta or InimiMtatelv bmeath. nuinnee 
uf Hofltiijn wrpiHsaai nail niost effectlrDlv i.‘oat«ilciJ by tbeir color and tUinpa 

If one, perchance, approached near another, re.sentmcnt was alionn 
at the intrusion and, if large enough, the fish treii|jusscd upon would 
drive away the intruder. 
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In a stjite of tbi? rterophiyneB are undoubtedly leas liable to 

etime into conflict witli their folloirs and each one has its special lurk- 
inff place* Most of the Pterophrj'nes life Ls spent in quiescence or a 
state of rest. Those in tlie aquarium at Woods Hole ^ maintained an 
altitude of repose that ivas seldom broken.’" One generally attaches 
itself lo a sargassmn frond and often actually holds on with down- 
bent and Mimlike pectoral meinbers at various angles. The moiai 
notable of these attitudes is a horifsontal positifHi over a sargas^uiu 
frond wiib the pectoral limbs stretched downward like a rcgtilar arm 
lient backward^ the long wrist simulating the arm and the fin die 
farearm, while the elbow is mimicked by the joint between tlie wrist 
and tin x the fin acts as n hand applied to the sargassum. 

Tlie Plerophr^\Tie;, like all of itis rclativesi is a highly carnivorous 
fish, and it is not fa^idious in its appetite^ Doubtless almost any of 
the inhabitants of the meadow of suitable size Is u welcome incomer. 
A single Ptempliryiie, whose stomach contents vvere e:£amined by 
lilobius (ISfH), was found to have token in four fislies^ one of which, 
a pipe fish or S tphof^imna pt'hi^icum) over S inches (135 

mm.) long, was coiled in the fTtomach^ a small cut lie fi^dv (On-ycAh 
rurfa)^ and a small ]K>rtunid crab ; all these were still in 

a tccogniKJible cfindition. This may give n faint idea of the range of 
food sfU[>pIy* Those confined in the aqua Hum a I Wootls Hole were 
given minnows^ and fed upon such entirely unfamiliar fishes wilh the 
same avidity as upon those they had been accustomed to in their na¬ 
tive waters. 

If careless or unlucky animals approach too near a Pterophiyne^ 
the quiescent but hungry Mi is !=tiiTi‘d instantaneously into vigorous 
action. It leaps upm sts prey as quickly as a tiger would upon its 
own. But it by no means alivtij^ aw aits for the approach of a victim* 
According to Smith, one may ^"steahhily approach and when suffix 
cieutly close to an animal, literally pounce ui>oii it/" Another wa'i 
observed by Giidger to draw near a destined victim^ “ finrt with closed 
luoutlii’^ and at last, when wiLliin striking distance, suddenly pro^ 
tnide ib jaws and, with o^n mouth, *^take in its prey with an in¬ 
stantaneous gulp/’ Sometimes* however, the d(.^ired "prey becomes 
alurme^l and dodges just in time and swims aw^ay; the Pterophrmcj 
bis appetite now whetted, i^nims after and, uotwilhKtanding his ap¬ 
parent sluggjshncas, frequently overtakes and captures the fleeiug 
fish.* 


riilite Ihc ™minan angler, the PteTOpliryne ttadily iiccommotlates 
itarlf to Life in an agiiarium without loss of appetite. Tbo aquarium 


“iTip liuiitli.ir down i.r lilt iimall wo» obserred Lr Praftnaot in.dBer. 
wlio bii-. iiiromiHi n.t tbdt till- llwoplifjnc. In tht ebbt la which It wiis 
Hoed wtd dimoBt to cnirtutP tht t|«iai to , vety few rouudd In the 
aaUBrluiiL VtliahEr It In ctioally ittrslafeol in Hiq op«i sta mny he doubted. 
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of the InbomtoTT of tlio United States EuiM^nM of Fisheri&s at Beau¬ 
fort had a couple which were observed bv Gudgtr to feed vora¬ 
ciously, eating pieces of oyster, bits of shrimp^ otiEl smiill fishes, bUyo 
or deuc!/- (Jtliers thrived in aquaria at Woods Hole, nnd were 
noticed by Kngli Smith, The several individuals 

were ^iluinsj In llie^r iimiYaietiMi, ntnT often made prodfiyrfouB efforts to go aliort 
itMMnees, At th^ Bnuie ttwc, thej npproactied tlieir prey stonJtlillj^ anil Hter- 
ally poTir>ced upon It. Ttielr mnutU enubleii ttieiu to capture nnd sifrallow 
flBbt'S tJmt are entirely dtsproiKirtJeuate to tbetr uwa 

This was well illustrated by the habit of eating their fellows, of 
which Sniitli olisen^ed several cases. 

On ot|o eccaalesi a niieoltnen fl tnctLce Iouk captured and swuUoweil intact 
nnntber nearly ‘i Itif^heM lonp, nnd did not mwm parttculnrly 1iH^iuru(»clcd 
tlii-rehy* They jipt«lflti?fllly Utt off tbe dermal pnijs of tbotr feilowfip no that 
nfter a few linyw nearly aU of them wert? mure op less romptetely i^trlppcd of 
tboN? BpiH?ndnKi:?i(. This bablt mis exhibited when there waa nn abnndAnee 
of mlnnowfl on which to feed.. Caiinlbulirsi] lu thin epecles has heaj noted bj 
other obffervera. 

The spawning time of the sargasso fish tnay c.ttend over a consider- 
able perio^L Its newly maturtnl eggs have Iweu olj^erved from ndd 
and late summer (July and Auguft) to late in tlie full (October), 
EvideUTY! of the mniiimtian of the eggs becomes mauifesl by swelling 
of Uic abdotncti nniL according to Gudgerj sometimes ^ in front of the 
arms, becoming m i^uare as if it had liecn cut to shape with a knife.” 
Soon ffcfter this condition lins been attained the egg:? are discharged 
in a jellylike mass, wbieh liectmcs swollen on contact with the water 
and enlarged into ii narre^w raft, :i or 4 feet long, althougli the tmjthcr 
fiiih may have been smly nr 3J incheis long,” and ^ had only alwut 
one-third of the volume of Ihe eggs and jelly combined.” 

The act of spawning had nol lieon described till Dr. Hugh Smith 
observed it at Woods Hole. Theit?^ in *‘^i 9 everal spaivned in tlie 
aqiiariuni in August, but the eggs were not fertilized. The eggs were 
buoyant and combitietl in long bands or stringy- like those of the goose 
fish (Lophhi^).^^ At the Beaufort lalx>nitory, in 189^4, a sargasso 
fish, which had been seven weeks in captivity, laid a long string of 
egg?i on J uly 25^ In every subsequent year oviposit ion w-as repeatedly 
observed, 

'fhe prolonged time during wbidi spawuiing may occur appears to 
be partly due to the difTorericxs in the development and maturation of 
the tivo ovaries. In the ease of a feninkj especially observed in 
Doctor Smith found that there was one issue of eggs In a niftlike 
ma!Sj on the Gth of September and a second on the lOth of October^ 
and in lfM)5 unotlior female matured one raft of eggs in August and 
later one m September. Nevertheless, occasionally^ according to an 
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t'liUr Ai, —tti,(t wlEb *ay* uf A Pi, 
liihr]ro#r BrOiicrd afttf m utioiGKr 
thr, HMgh titnitli. 


cabwrvatioD of Dr- Ulric D&hlg'ren^ 
Mil individual majr esdude two egg 
mfij^ at the same tiniuH 

The egg raft, iifler fulJ expan¬ 
sion in the water^ is a sipft jelly- 
like mass, quivering to the touch, 
but withal rather tenaeiciits nnd 3 
or 4 feet Sang b}" ^2 to 4 indies 
or tbereaboutis in bn^atlthj modcr- 
utrly uniform in the width, and 
In peri ng abruptly and hi uni ul 
ihe extremities. It k also rather 
thtek^ with biiint edges. The en¬ 
tire mass is thickly |>erjneated with 
whicli apjx>ar to be in several 
irregular layers, or m least inorc 
than one. After some day^ and 
wliren the eggs have matured, tJie 
jelly probiibly dl^olves and em- 
hjym are apparently thus liber¬ 
ated, hut exact obsen^ation is neces- 
i!54try to confirm (or disprove) this 
supposition* The eggs are innu¬ 
merable and each one, w^hen fresh, 
about a miUimeter in dinnieter, but 
aeeording to Gudger, ” after hav* 
iiig l>oeii in a formalin siilntiori 
njeasniretl not much more than 
half (0-60) of n millimeter in di^^ 
ameter-^’' 

Abo, according to Gudger, 
there ore no oil drops visible in 
tht llvinj^ of Pteropbiyne,” 
but, in sectiomi, £K>ine eggs .^how 
a iiiiiall numljor o( itilniite vjicuoEcd 
indiwriminfltely i^-aU^riid nndpr 
tlie gertu eJiak bjiJ arouod tlie di- 
cumfeneuee of the volk. Some nn? 
devoid of these.” 

.-VIJ of the inttny Ptemplirynea 
thut have been found in the sar- 
gussujij drifted on the Americno 
eoiiHts Jmve been fenink-s, or at 
Jeost none has been n.-eoguii«.>d os 
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ft tnftlcv Consequent!y no oUservaiioiis hiiv<i been made on ibe rela¬ 
tive behavior of Uie or oa the mode of fertilkation of the eggs. 
All this lias yet to Ik? oliservetL 



FliJ- -I^S.-^TbE Fr4iGaiiL UT MftEftIca Anj|l^ | Alifntiij. Jlftcr Hmitt. 


The Flerop/tryne nutofnlly would not be generally looked upon as 
an cdiblo fbh imdj aeoordlng to Schlegrl| even the piscivorous Jap¬ 
anese consider the fle^sh of the species to be poisonone. Aa sadx it is 
i-auked by Pellegrin iti Les Poiasona V^nenciix* 

P.U1T IIL 

THE SO-CALLED OF THIS FSOO FLSIT^ 

A summary of all that lias been positively made known of the 
habit of tho frog fish hn^ now Ijocn given, but a rcrnarkahle episode 
in its hii"toiy deserves to lie here recorded. For jtist about a genera¬ 
tion (thirty-three years) that fish was signalized as a nest makerj the 
fabriciitor of a Fiibglolinlftr nest constructed from n frond of the snr- 
weed, in the midst of which it is moat abundant. This snppot^d 
function was the result of a mmdentifieation of eggs found in counec- 
tiori with maw^^s of saign^um fiiequently to be met with in or about 
the winter months in subtropical waters; 

Tlie first to notice the egg masEies woE I*rof. I^uiis Agassiz, who ob¬ 
tained one during a voyage in tlie coast survey vesssel Hasshr near the 
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island of SL TJiotnaSt West Indies, iu Dec 4 ?mber. 1871. He gave a 
very mtereating acieount of the 8up|HK^ n&it in n letter to the ^iui>er- 
intendent of the United States Coatft Suri'ey, which i^’as published in 
the Animcftn Journal of Science imd Arts for February, 1873, (third 
series, \ oL III, pp. loJ—156)* The urticle was republished m whole 
Of part far and wide. He may decla^n.^ for Jihiiself: 







Tbe Uinftt iDtarostlua aiiscfn erj' of tbe voyage ihufl far Ih tho Riiilitig of n tietrt 
built by II flBh Eoutloj; on ihi- broiiil oemii ^vSlh Its live freSgbL Oft the 
of tile month Uj™aiibcrL ^rr* MimsffieJd, tmo of tbo offtL'erH of tho 
brought me o hull of gulf weeil w Ukli he laid up und wliSeh eiclted 

my curiosity to lUe utuusst. It w«^ n rtiutii] mcLw of suniAsauiOt uljoTit The ffizo 
of two flEftft, noUftl nil toifcLhor. Tlie whole t.iiiu<ilMted to till nppeftTunce of 
DothlTift but Kiiir woa], tl]e broiiehes ibod k^vcfl of whieti howovert evi- 

il^lly hint tofielhef ntid doi merely bullnl into n rouiidlBh simiw; for. though 
flomc of tho ft-flvefl niid lira aches hung [cose from tins rest, Et hiH?aiuo ut tmve 

f'inEbte rhut the hulk 
of the buU w jipf hehl 
together by Ibreud^ 
triHidhkg In t^cery 
dlriM:tlou. nmciug the 
KcawiHHl, UB if a 
coujilu of haodfuLB 
of branches of air- 
ftanyum hjid tweu 
rulliHl 0(1 t^jgelher 
wJtb ehiBtlc threadfi 
trending hi every 
ftlrcctloft. rut bock 
into a large IktotI of 
wuier. It licconie 
uppurent tbiit this 

of senweed 
wiiR 11 newt, the eea- 
ten! part of which 

baatid op toother in the femi of a bull wltb eeienil liwufaclosely 
«.i«o of or the, Jr," 

tanco ono from the other. Jiiiwhere was iTm ^ ^ Kiieatpr clia- 

tUe aiiftrEbiitloci of the bt>inin imj iher Jirf™"? obBenitltle It. 

tall « ,.mw ,l,r!f™V 

the siEe of an ordltuirj pW head w h« i ^ ^ tln>m#ietves were obout 
most enrlous Irlml- Zl „f e™ loo ibr bofr.re uk, of the 

.1.....1 „o. ,sr i,; "iT*"' 

o>aU| ht.vo hi.iK tbls ,rt,.^.iBr rJ w«s IhZ r " 

mice much time to the elotu of the' i m 

A coiDiDoa pocket I&U!. nt otir*- rer™j«i t„o ^ ^ klflphJitj to wh\ch It betonm?. 
b«d. .ml . mi, ^eot o.or J ^ 

.pv»r, IP p„,lpp„ ,uu„ M 


Ffo, 4n.~£DpiK»«i iHMt <ir Ptcrmiiir?.,. .sftt.r a. .Jifispnii 


AJfGLER FTSnEe-GIJLL. 


611 


empty iTO'Capefi obpenrod tn tlie nowt premifie iyt nu enrly opportmilty uf 
seelnj; siDcie cmlisyoii tbempelvea fram tlieir rnreJope. Mc^whll^^ a 

iiiiniber of p^!:e^l wtth lire «mbr;>'Ofl worp cut ont of die nest aiid iilncM 

In sejifimtc jGr* to mottii^ly die ctuiiiL-^ of pre«n'lii|f tlieiu. rrbUe tbo 

ncflt Hfl a wLule wua sernretl In nIoulioL □« n memorisJ of oor unext>ccted dis¬ 
covery^ The Jies-t tliiy I fouiiid. mt> embryos In one of tuy ^liifbi Jnrs; dioy 
oecnsloEially moved Eh Jerks, anil ilam rt\^ed for a lonj? wblle amnenlestt upem 
die tpottoiu of tlio Jtir. Ou ih& thltxl iluy I iinii over p dOiOn of these you or 
RhIics la my fneki tiie oiliest of tvLteli biiB^aii to tie uioni active, aueI propiUKd to 
afford furlber ur^l^ortunities for sinily. 

* • • But kind of Elsh wus tills? About tUo time of bn idling, the 
fluB of tbiitf elaitei of xintoinls differ tijo nmeli fmm tbow of tbo ndult, and the 
peaerul fortu oxlilhlts too tevr pecullqrltles^ to afford any elue to tbts problem* 
I could only sttpEKise rbnl It would nrotiably [iravc to lie one of die iielnRle spoelos 
of die Albilldc*nOil of tbes« the most eommoti nfo f;j-oeiTtnap Art(i4TrTi/rJi,£‘L‘OfHrtil*p 
ChirmtiTfen, MonocanthUA, Ttlrftodon, aud />fodon. Was there a 

wny to mime iK^rer to n correct Aolutlon of my doubts? 

Ah t bail An foriiirf yenrs inaili' a Simiewbcil extensive Ptudy of the plgaioiit 
cello of die Bklii, in a variety of younp RsIioa I liuvr resortmt to this luetbml ta 
IrteLitiry iny Mnblyos, llapplly we bad on liojinl several pehiRle Rslies nllTe, 
wbicb could nffonl oienos nf c-nnuinrlRoiti; but unfoitmuitely the steotner wns 
i^biLkliJtir too nnirb mid ixiIHiik too bmtvily for inleroscoplc observation of even 
moihMTitoly jxiwers. XotbItiR, bowovi-r, should bo left untrlml: and the 
very tirol couiimrlwii I uuiLie j?i^‘ijr«J djo lUi^lred result. The pEpuiuM coUh of 
n yoiiuit CAlmucrlcjT jik^tux pri^vi^d Identical wdb those of our little emhiyri?!, 

ll tliufi stauils nn a wet I oulhmtlcateil fnet that tbo eomnion pelogilc ■TAfrcK 
nn'U'H of the .\llrindc Eiiameii t'/d/onec^cjr picfnit by tbiderf builds a nest 
for tt& lu wbirh the pro^uy is wrap[iod up wltb ibo mnterlnlit of which 
the m^t ltM>lf is ronuh^sed: and us these uuiterlrLlK nn* llvluj^ pilf weed, the 
fish cmdle* rock lop? lip*tiii thy ilec|> la rarrli^l nloup? ns nn undying arbor, 

alTordlDE lit die auue lime r’rdlcitlon nitd bfterwnitlJi food for Its Uvini? freight* 

Tills loarvotouu mory nciiulres nddllloiui! Eutorest If we iiow' take lutci nwii 
sEderiLtloa whut are lliu ibanietorEstli: iieculhirltles of the l?Airojiixdcf* An Eta 
name EiuUratuu, tt lorn flim EEkc Jmpds: that la to say, IEjp pectoral UaB are 
fltilijiort«l by a kind of proEooipxl. wrhidlke uppeiidagD^ nnd the my a of the 
ventrals are not uiUlko rude fluai-ns. WUAi thesi« Eimtiu tEiciPc n»dii4s Eiave Eouk 
been known tn atEneh theoiNdvcfi to ficrtweeil, nod ralber to walk tEuiu to 
ffwEiu lu UwEr natural elooieut. But now thut we have t^ecoioe acqtiillnted 
with thiUr mode of roprOiluetEon, It may fairly Eie nskcfl If the moat Important 
use to whEcb their iJOcuHarly coDwtracEoii flna put la not protmbly (n huEEillne 
tbeir ucHt. 

iniile Agu.s<!iK sc»n reiirhtfd the condusion that the nest maker 'ivas 
the AiHemiiirihl so eonuiion in the seaweed, he did not continue his 
iavcsti^ition of the subject,- and it was many years before h more 
Senrebmg incjuii-y into the constitution of the n^ was made. Then 
the subject was taken up by a I'reiidi naliiraJisl, Leon Vaillant. 

A uumljerof the nests were obtainwl hy Vaillant and the sin.poMed 
procedure of the nfet m aker wa.s described in ISSrA Only s summary 

^ApiPffEz dEed Doiv H, l^i 

»ReniAnri<'« mir Ju cou^truetlou itu nid dt* marmomfiH Lwa. 

et C,. linns la Sti-r des Sar^nsnes. OU. Oos fc^nc. de la S«. de Blolotle (Si i \' 

iStfT, p. 73^733. ' 
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of his account need be given. Tt was csplained that each nest was 
composed of a single plant or tuft (frond) of the giilf weed {Sar- 
gnjsstim baccifenimh Qi«i by commencing witli the slenderest outer 
hmnelilets and peeling fi]l successively olf. an entire frond could be 
spix^ad out. A frond, then, of gulf weed, if was asHumed, was selected 
by a Pterophr{/tu> ivitli rijie eggs and she procecdecl to make a rccep- 
tade or nest for the eggs. She places herself in the center or starting 
point of a tuft iiuJ connects together the basal brunches, placing some 
eggs and with them a ghiLinons thread which binds togtther the 
next dividing branehcii, and so on until she brings together the lor- 
uiLtuit hrandilet.^ and forma a spheroidal mass or nest, as large us a 
couple of tlsts or iwrliaps a niairs head. All tiic time slic iinlfflids 
her eggs in the mass and in so doing improvises the thread needed 
for liindiiig the inosg togctbci. Itideed. t'aillnnt oliservt>s, the Idnd- 
mg iiiaterinl which tliis ftsb iih?a in her labor, in all prolitthility, is 
of the saitio nature ns the agglutinative sul^ntanccs whidi many other 
fishes employ to fix their eggs and which they secJvte tit liie niomeut 
of spawning. Tliey are iti the form of hlatnents of extreme tenuity 
^ piv™ yj^Q fliKtn^ QjTj very* regularly ciilibrateil save at the points 
of mlfiercnce to the eggs, where tlicre is genertilly found a kind of 
expansion. Those filaments are hroiigUt together in greater or less 
nunilier to form curds of which the diaineler may somethues exceed 
half n millimeter. 

Another long mwmiil of - uc.sta ’’ and eggs attributed to the sar¬ 
gasso fish was piihlisihcfl by K. libbius in ig94.“ The mass was 
obtained in jiiidon-an [V 4r>' X. lat., 30' 40' IV. long.), and was 
sacciform, .'vO centiiueters deeti and with a diameter of 40 cm.; it 
had nvo openings, one ‘2fj cni. wide and another 10 cm. wiile. The 
eggs were distributt'd through flia mas®, and it was extuiiated that 
the aggregate of 1.130.571 was distributed therein. 

The eggs, Bccortling to ifbhius, hml an average diameter of more 
Ltun a millitnclor ahd a half (l.f)? mm.), and at botii poles were de- 
vdoped bunches of more or lea* dougnted filamenttirv processes* 
m each duster are fmm 1.7 to 30 filaments. T to lii thicker and 12 to 
■A tiutmer ?;ome of the«e filaments were as much as Italf an inch 
(1- iiini,) long; ull vt^ry dender^ .wiie Ltiicker (1G--24 with 
ttuder conical h-ires of insertion (32-C4 ^ thick), others tliinner (S- 
10 with cor^imndmgly reduced Inises {32-40 It is by meaics 
of tliese tendril-liko filameuls that the eggs are kept i„ plac^ in the 

MtibiDS has e.speeially insisted that for the eggs thus provided for, 
the female is res|Hmstble and not , os in the case of the Stickleback, 

Kienwsm r felapl^lwf riKhe ain. ^ nilttelniUmtlwn™ Orem. Sit 
K. l‘r^^ .tbid. WtsA, Berlin. 0. Dee. ISH, t.{pp. 
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thfi Blit h<^w the eggis nre fertilized mneins to be made known. 

For further deLailed d^^scription of nest and eggs the memoir of 
Mobius (18!>H may be con^ltcd. 

Only the early stages of development within the egg bare been 
olisqrvetl. The later liLstoiy with known inenns of obiervitig iind 
rearing the cinbryoEa and the history of the trun-sfnrmations the young 
into die familiar adult will doubtless be ils remarkable os dial of the 
ariglen 



EtcL 47. iit rapiHJw^ dche It?mppls r jil« iwlM. Aiter 


ilobiuii, like his predficcssot^, assumed that the eggs were those of 
Pieropkrtjjte and, finding that those in tlie ovary of one he ex¬ 
amined were without filamenta and smaller thau those in the nest, 
postulated tliiit probably they bteame provided with the polar fila- 
monta during passage through the oviflncta.* 

Sir John Moimy, in the Narrative of the Voyage of IL 11. S. 
f7i«/icng«?r <Vol. I, p. 13<}), also aisuming that the maker was tha 
Anletirmriid, declared that Ihe nest is composed of branches of the 
gidf weed bound together by means of long sticky gelatinous strings 
formed by the fisJi fur this purpose, and is HlJed wUh eggs.” 

^ Ovnrluu in eLnikii ■pii'uieliiJicliFifilklien kiirxmi Kf’r3lnmIe?E«tt 

lattclter. 111 weicZiE-tii wntradieliillcb die SutKSUitue der NesHiidpti wji^nirolrt 
wirtL Ojj. cU^ ji. e. 
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The sphemidR] masses of seaweetl contiiiiKK] to fj© cretlite<l to tli0 
PferopAr^e by the latest nnd best icthyologLsU Bridge and Bon- 
lenger, in. the volume on Sslies of the Cambridge Netiiral History 
(voL accepted tlie old Ktory its an cfrlablished fact. But nt 

last it iujued out that the i^'hole oft-rejjeated story was baseless^ so 
far as tlie Ptefophtj/ttr was conceme^lj and that it arose simply from 
mirideotification of t}je eggs found in the sargasso mass,^ 

In lOOo, as already remarked, there nas a drift of sargasso weed 
with many individuals of the Pf^rophr^iw along the eastern 

Aineriean eoList. In August^ I?r. Ilugh the Deputy United 

States Fish Couintissioner^ informed the writer that he had iWived 
eggs of the and extended an invitation to examine thenn The 




eggs and tlie dalti eonnerfed with 
them ppo’i'i’^l tliJit the tiii;>dr of ovijiosi- 
(ion id the Pt^rt>pArf/fte was similar 
to I lint of the tT.iinmon angler. 0>n- 
Hrnpiently Pt^fropArr/ttc could iHjt hove 
^Yti} maker of the nestlike masses 
d to it. The writer had re¬ 
cently acquainted himself with the 
habits and oviposit ion of the flying 
tiiihcs ftirdT witli the knowledge of 
what the eggs of Ptt:r^p/ir^ii^ really 
were^ had no Iiesitation in declurijig 
that the eggs described by Mbbius in 
coTmoctiuii with the spheroidal masses 
of feargnssum were in truth tlmse of 
n flying fittb. Further, Um ilying fish 
could have taken no part in making 
a Ile^^t and the form of the mass was 
simply the result of the automatic ac¬ 
tion of tlie polar fllainenta^ 

The alleged nest of PteropAryn^ 
was for tile first time illii.strated as a whole bv Dr. Alexander Agassiz 
by an eicclk-nt nml jirtjsik dgum published in IHSB in his tlirce 
cruistai of the fflaA-t^.o ETc natunilly iissuiiiL'd that the previmis iJen- 


fTO, «!&,—i>f FTyljLgf Uwh 
flWlljr Kltributt^ tQ 
iKilatiricl sa iLiia™, Affer l^ahlajL 


■TTw aetalbi nf UilB (Jlpcovi'ty duij ln> fouml Soluniw, tIis, GUL 'TipoOore 
The Sarijn^ n.h nut a n^t-nuthir, Ii«. 22. llKir,, p. m . Uu,^mr, E. W, A 
n«e M and ew-inylnK of Plrropl,rrnr fho 

^ ’^nrlt of PtemiibrjTio fitiil the 

Tioo itf tip«i hjr A, AkurbIk 1# jfiv-pn. 

'' 1“ Ainnricon ThaJn«3«Ki-p1,y_Tlir« 

mtiw flf Statm CMst and (iwdoKc Suri'^y atJjmeV" Blale" 
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tification was correct ariil merely notwi tliat tlie ^^Pt^TOphryne, ‘ the 
marbled angler' of the SargHsso Sea, is especially adapted to live 
among the floating nlgce, to which it clings with its pediculated 
and in which it intertwines Us gelatinous cluatere of eggs." 

Professor Agassiz, in his origiiml article, did not notice any fila¬ 
ments connected directly with the eggs he observed, and the present 
writer thought tliat it was possible that some of the real eggs of a 
disintegrated PieropAry/te^s raft might have drifted against a flying 
fish’s conglomeration. The difference in the times of oviposition of 
the two fishes was, it is true, a serious objection to such an hypothesis, 
blit it was barelj poissihle that the time of ovLi)osition of a Piero- 
pArynf might have been so delayed that a conjunction of the two 
fishes might have occurred. Doctor Agassiz kindly respondeil to an 
appeal for information by sending a couple of eggs taken from the 
exterior of the " nest ” and they were found to have the polar filaments 
characteristic of the flying fish’s eggs. 



40.-^Fnral tIjaw of ilue 
tmd uLii rafrml rcsfon of 
brerlcdtilt^fd. 
AlLtfT Under. SesT &»T. 
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THE BTRDP OF r>"DIA*^ 


By Dduclla# t'tfiwjjt, F. Z. S, CL K 


Of tbe birds of Imlm it may truly 1)0 said thoir nam^ bt legtotv.” 
Ho whi> would trent of ttioin in a fihort paper must perforce ctinfino 
hitnsdf to geuenilit]^ I therefore propose to devote the time at 
my cti^posnK firstly + to a. con^deration of tlie general characteristics 
of the dvifaurin of Iadia« and ihoti to pass on to some aspects of the 
fitudy of bird life. 

Literary critics seem to be agreed that we who write al>oiit Indian 
Innb form a dednite strhooL Phil Rohjiison^^’ tiiey say^ “ furnished 
thirty years ago a charming modeh which all who have folio wed 
him seem compelled to <mpy more or less closely.’^ Air. Wp IL Hudson 
remarks t 

We |?mw ttPBcJ Id look for funny bcwttn atKOut antmeln tfom India Jiiirt as we 
IthJk for aeuLltuetitol nulnnil tKH»ks fram AineHca^ 

III a sciise thin criticism is well founded, Popiilnr booba on Indian 
oniithology reKcmblc one anolJier in that a ripple of humor runs 
through eacli. Hut the critics err when they attempt to expluhi this 
Kiuiilarity by asserting tlmt Anglo-Indian writers tmxlc] theiiiadves, 
conscious]}'' or iinoonscionsly, on Phi] liobinson, or that they imitate 
one another. 

Tlie mifiioho urndfi hy the eriticfl is estiisable. Wlien each suc¬ 
cessive writer discourses in the same peculiar style the nbvjotisi infor- 
enco is that tiio later ones are guilty of more or less coiUKioiis pla- 
ginrism. But sudj an inference is drawn only by thofse w'ho huvi- not 
wijoyed tlie advantage of meeting our Indian birds in tiie ilesh* To 
those who do posjeas tliLs advantage it is clear that the birds them¬ 
selves are rei^ponsible for o«r writing being funny. IVo naturalists 
uierety describe whot we see, 

Tlie avifauna of every country Iialh a character of its own, Mr, 
John Borrouglia has remarked that American birds as a whole aro 
more gentle, more insipid than the feathered folk of the British Isles. 

« Ro|wtnt«i bj- perailealoa, with aathoi's otOTtctloas, from Journdl of the 
Roynl Society of ArtJi, LoiidDn. No. ^iZf, Tot LVll, Dccctnber 2r». ISIOS, 

*17 
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Still greater is the contnist between English and Itidiitn birds^ Tlie 
latter are to the former as wine is to water. 

India is peculiarly rich in birds of diameter. It is tlie happy bunt¬ 
ing ground of liiat tmic[ue fowl, Cftnttia the spleiidiil 

crow—splendid in sa^rity, resource, aduptirene^ boldness, cunning, 
and depravity—a veritable Machiavclli among birds. 1 might aluiost 
say a super-bird. 

The king crow (l^ic/^urns a^er) is another creature which can be 
described only by superlutSves, lie is the lllack Prince of the bird 
kingdom—the embedinieiit of pluck. The thing in feathers of whicli 
he is afraid has ijvt to Iw evolved. Ijke the nietlia*val knight, ho 
goes about seeking thuiie upon wtiom be can perform some small feat 
of arms. In certain parts of India he is knewn as the " Kotwul ”— 
the oBicial who to many stands forth as the embodiment of the might 
and mujostj of tlie British nij. 

When wo turn to consider the more on t ward choracterbitics of birds, 
the peacock (Pneo ej'/ato/wa), tbe iiiunnl pheasant (Laphap/iarm 
refulffe»-g)f the so-called “blue jay*’ {Vomcios indica), the o-riole 
{Oriolw^ kundoo)^ the white-breaste<l kingfisher {/lafcffon tm^rnen- 
ara), thesunbird iAra^htteoAthm s^y/oiiictf), the little green bee-eater 
(.Vefttps vindis)^ and a host of others rise up before us. Of lhe,se 
some, showily resplendent, compel etteotion and admiration; others, 
of quieter hues, possess a lieauty whicli can not Iw appreciated unless 
they Ijc held in the hand and minutely examined, for each of their 
fathers is a porm of exquisite beauty. 

At the otlier extreme stands the HUperlative of nrian liideousness, 
the ugliest hinl in the world— Meophr^n the scavenger 

Vulture. The bill, the naked face, and the legs of this creature are 
a sickly yellow. Its plumage is dirty white, with the exception of 
the ends of the wing feathers, which are a shabby black. Tla shape 
is displeasing to the eye: its gait is an ungainly waddle. Neverthe¬ 
less, such is tlw magic of w ings, even tliis fowl looks almost beautiful 
ns it sails, on outstretched pinions, high in the heavena. 

THU IJOHXntU.- 

Between the extremely Ixfuntifiil and the extremelv ugly birds we 
meet with unothpr class having superlative attribiite^he extrv?mdy 
grotesque. This class is well representttl in India. Tlie great hom- 
lnl] buomiit) and the adjutant ^L^ptoplilu, du&iiui) are 

bmls winch would take priws in any exhibition of oddities. The 
funner is nearly 44 feet in lenglli. Tlie limiy in only U inches long, 
liemg an in&.gnificai.t part of the bird, a meft! connecting link lietween 
tbe iimesive beak and the great looselv-inserted tail. The beak la 
nearly a foot m length, nnd is rendered mot^ conspicuous than it 
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would otherwise In? by a structure known us u casque.” This is a 
homy excrescence, ticnrly as large as the bill, which causes the binl 
to look as though it were wearing a hat, which it had placet! for a 
joke on its Ijcak, rather than its bead. The eye is red, and tho upper 
lid is fringed Ticith eyelaslies, which ndd still further to the oddity of 
the bird’s appearamv. The creature has an niitediluvinn air, and one 
fwls, when contemplating it, that its proper companions arc the 
monsters that lived in prehistoric tinies^ Tiie actions of the hombill 
are in keeping with its apfiearance. Eudi morsel of food is 
into the air and caught in the hill preparatory to being swallowed. 
Mr. E.^ V, Lucas describes the hombill as the licst short slip in the 
2!oological Gardens. Horn hills are the clowns of the forest, 

THE AJHXTAMT. 

Even more grotesque is the adjiilnnt. This is a stork whh an 
enormotis bill, a tiny head, and a long neck, all innocent of feathers. 
Enoiii the front of the neck hangs s considerable pouch, which the 
bird can inflate at will. Round ihe base of the neck is a nitf of white 
feathers that causes the bird to look as tlmugh it had donned n lady’s 
fpfltlit'r him. 

It is the habit of the adjutant to stand with its head buried in its 
shoulder;}, so that, whoti looked at from Ijehind, it resembles a hunch- 
luicked, shrivel«l-np old man wearing n gray swatluw-tailcd hwI. 
It Icxtks still more ludicrous when it varies the monotony of life by 
kneeling down- Its long shanks then stndcli mit Ijefoti it, giving 
the impression that they have Iwen mistakenly inH^rtec] hind part 
foremost. Its moveiiicids partake of the nahiw! of a cake-walk. 
Ixiekwood Kipling writc^i: 

For tcratcHiac Oevnrr of daneJof' Ihe Inrllna laltutnnt henta creation. Hon 
Qutsote or Mii]v(>]l<i was not biilf ao aolomn or uilacln);, ami j'pt tlienj la an 
abandonment nnd llglidu-fts of aten, a wild I in In ench stii«un |]rnn«> wbldi are 
Blniwft demonincul. If it were jawaible fipt tfw auwt onaiilar, tall, nnr] demure 
of elderly nuiklifn Indies la take n Knait dm] [(wi mueb dinm|aii;iie and Uien tn 
elve a tesMin In Imtlet i1nm;laa. with .woalonat poii^a at acute imliilety, [jui- 
baps aoiiTO falut ld<-a mtultt Iweonvoyerl of the pwallar gnniity of the iidjutaut’a 

If the liombill be the clown of tho forest, the adjutant is the buffoon 
of the open plain. 

AVIAN rUAFTSMANaHIP, 

MTien we turn to avian craftsmanship we find no lack of skillcl 
workmen among our Indian birds. Tlic famous weaver bird {Plaef tnt 
baya) and the less well-known wren warbler {Pritiia inomata) are 
past masters of the art of weaving. Tlie tailor-bird (OrfAofomua 
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its nuTne implies, has brought the sartorial art to a pitch 
of perfection trhich is ntst. likely to he excelled by uny creature w^hicb 
has no needle oilier than its beak. 

Tlie nests of the Farious species of orioles are in their way quite as 
wonderful ns thoj^ of the Uilor-biid^ Each is a hammock slitng by 
tiicans of strong fibers (frequently strips of the pliable bark of the 
mulberry tree) to a forked bratieh in much the same manner as a 
prawn net is secured to its wooden framework. 

00X0 BISDS. 

If there lie any characleristic which Indian birds do not possess to 
a decree it is perhaps the ability to sing. A notion La abroad tint! the 
hinls of Jlindiistnn tan not s^ing, that they are able to stream^ croak^ 
and make all manner of weird noises; but to sing they know not how» 
This idea perhaps derives its origin from Charles Kiug^lcy^ who 
wrote: 

Tnie mel^Fi It moat reiueuhbiTeil, Is uukno^Ti, cit least nt In tbe 

Trarlfs^ and |>ei'ullar to the races of those temperate climes Luta which tliu 
birds come Ld spring. 

Tliis %Siy of c<:mrsCj ab6"nrfh 

Song birds are numerous in India. I'hey do not make the same 
impression i.i|Hin Us as do our English binls, because* firstly, we are 
older and therefore lesa imprc^sionalde when we first hear thcni; nnd^ 
Fit^condlj, their song has not llic^ usstwiaiions which render dear to 
iia the melody of birds in the homelands Further^ there is nothing in 
India which corre?rponds to the English springt when the pai^ion of 
the earth la at its highest^ U^rausc there is In India no ^ad and dismal 
winter time^ when life is sluggish and feeble. 

The cFce^ifiive joy, the rapture, the ecstasy with which we greet 
iqjTing in the Hritiah Isles is, to a certain extent, a reaction. There 
sittldenly rushes in upon the songW winter a uiighty chorus, a tumult 
of birds, to which wa can scarcely fail to attach a fictitious value. 

India some song birds which can hohi tlieir own in any 

compauy. ^\ere the sluimu {CUi^icincla tlir magpie robin 

[ao/^ycht3 iauhm^), the fantaikd flycatcher (mijfidnrfi am^fn^n- 
lata}, the omngt-headed ground thrush citrine) Ahe white 

eye {Z&Kieropit the purple sunbird {Amchn^^hthra im- 

and the bhinimj pnT^dheu$)^ to visit England in 

the suminors they would sjupplant, in popular favor, some of our 
Englisli song binis. 


F£.MLLnaSXFJ^ OF IXOtAX BlIllkB. 

Indian bitds generally am dvaraderisted by their fearlessness of 
man. It were easy to occupy a whole hour in citing exam pies of this. 
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A few must, suflicc. Pied wugtaiis { Jfatactlla nmderaspatensiay, 
brown rock cliats {Ccrcomela fu^fca), whkh some believe to be the 

spurrow-a’’ of Scripture, sparrows proper, mynas {Acridothers^ 
spotted owlets bramn), doves (furiur eui/ilayensis), 

roller buds {C<friiciaif iiuiica), tils {Parujf »iftntkoia]^ swifts {Cpp- 
Selua aud robins {Tfiamnobta eaf/ibaien-sis), have all, at some 

lime or other, elected to share my himgalow with me, building in the 
iFidls, under tlie roof of the veranda, or on a window ledge. Simi¬ 
larly hwnjiics tUpupa indim) and magpie robins {Cofftpchii£ (mu- 
Inns) frequently have nested in holes in the mud walls of servants’ 
houses in Llit- eomptmiid. Tailor birds {Orthofojmut stutariTis), sun- 
birds of two species { a^datica and . 1 . Egpinnica) and 
bultnik of three {.Volpasf^s /ia'PwrrAous. .V, leni^ahnstB, and .V. 
mterni£fliaf) have constructed tlmir nests amid the leaves of plants 
grow'ing in pots on my veranda. In tlm garden, within 30 or 40 
yards of the house, the following have brought up their families: 
Ring doves iTuriur risonus), paradise flycatchers (Terpsiphone 
puiadM), fantailed flywilcherj {P/iipulitm atbifrwHata), house 
ci-ovvs iCort'us spft.-udcus), corbies {Corrus tree 

pies {Dcndrocitttt ru/a), crow pheasants {PenIropus sinensis)^ 
paddy UHs {Ardeolaffrajfi)^ green IvtrbeLs (T/ufreicerpx zeijlonicitit)] 
coppersmiths {Xuutfio^vma kaniatccepfiala)^ woodiiecicers (JSrti- 
vAppfet'tttJs tuifatiihm)^ green parrots {Palnoritis ntpaltn^ and I\ 
tonjutitvs), sluknis (Asfur iudius), kingfishers {/lalctfOA smpmet)^ 
sis, Alcedo ispida, and Verpte ntdk), babblers {Cmteropus cfl/iorwa 
ami Aiffpn kites {J/?7eF« jjom/ida),orioles (OWofiot kuudo(}, 

O. ■»K!la7UKi’pAala), king crows {DUrunis at^r), and others which I 
either omitted to notice or fail to recollect. 

Verily is tlie Indian avifauna one of superhitivesL Judging from 
what I have read of ilie feathered folk that inhabit other parts of 
tile world, it seems to me dial the birds of India are more interesting 
than those of America, Africa, or Australia, and infinitelv more so 
than the poverty-stricken collection found in This opinion, 

1 would add. is shnreal by Mr, Frank Finn, whoso knowiedgo of the 
bu-ds of the world is us great as that of any man living, 

WE.iI,TK OV SPEClESv 

Xot the least important feature of the nvifauna of India is its 
v^ealth of species. Oates and Hlaiiford describe over sixteen hun¬ 
dred of the^ Ajiiotig Indian birtls are mimbereil lOS different binds 
of warbler, 50 w.Jodpeekere, 30 cucktws, tbe same number of ducks 
2S starlings, 17 butcher birds, 10 kingfishcre, and 8 crows. 

The richness of the fauna is aceounted for by the wide differences 
in the cliwaU; of the various pioviucus of lijdia, and by the fact 
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lhat Tnfiifl lies in two of the gvmi divisions of the ornithological 
world* The Himalayas form part of the Pnitparelic rcgiont while tlio 
plains are included in the oriental re^don. 

The fisithered folk that dwell in the mouniaina and valleys of the 
Himulayan range differ ns widely from the deni^na of the plums as 
do the birds of England from those of Africn* The 3Q-miIe tonga 
journey from Kawalpiisdi to Murree transports the traveler from 
one bird realm to another. In hot, pardied, dusty Pindi the most 
noticeable birds are the kites^ qiarrows^ houso crows, mynag, rose- 
ringed and AlevHitdrinc paroquets, Indian hoopoes, and rollei-s, 
bee eaters, paddy birds, tailor birds, rat birds, molpastes bulbuls, 
king orowF^ ring doves, little brown doves, orioles, spotted owlets, 
the fieven trialers,''- koeLs {Eud^nitmts h&nomta}^ robins, white 
breasteii kingfisher^ golden-bucked woodpeckers, scavenger vulture 
and funlaitcKl unii paradise fiyealeliers. 

Of ell thesoi the kites, orioles, mynas, fatitailed tlycalchers, and 
scavenger vulturesi arc the only ones seen on tlie well-wuo<le<l Murree 
bills* There, instead of the caw of the house crow ihe deeper note 
of the l:^l^rby is heard. The citseendo shriek of the koel is replaced 
bv llie [dealing double note of the European cuckoo 
roflfirfw). For the eternal ^*c(>fi-c;Mi-coo^' of the ring {Tutar morim) 
and the little brown doves, the “kokhi kokla'" of the kokla green 
pigfKJH apheniirm) is suInstituted, The chuckles 

and cackles of the s|iolted owkt tin longer cleave the night air, but 
the silence of the darkness is broken by the low, monotonous whistle 
of the collared pigmy owlet {Gimieldhini hnkliei)- Tlie boiglerous 
rosM'-ringetl and Alexandrine paroquets are replaced by iheir daty^ 
headed coii.gins {Palimrnh scAiittk^pii), 

The golden-backed woodpecker^ the king crow, the coppersmith, 
the tiidiun ht) 0 [KJc, the gray partridge {FrfmfroIiwiM pMdicttinnuJx) ^ 
and ihe Mnlpanteg bnlbuls ore supplanted in the Himalayas by pied 
wcM>r|peckens {Pernlrompm Mmatat/cmis)^ the ashy drongo {Pi- 
emru^ the great Himalayan l^iirhet {M€ff{il€pma 

7nat^AaIl&rum}j the European hoopoe {Upupa ep(yp»)^ the chtikor 
{Cftcmhh f^Awc^rr), and Ihe black bulbul (B^psipet^a pst^roidea)* 
Some birds found in the plains have no Himalayan coiinterpaiTs,but as 
a §et-olf we find many new forms on the nmimtairks^ as, for example^ 
the various jays, laughing ihrusliea, tits, warblers, tlie white-capped 
{Ckimffrrhomw huco^^pAulna) and the plumbeous {RAy^coriii^ 
pdtffinomi^) mlKtarts, the grosbeaks, the oiiKcls, rock thrushed, green' 
tinch<=^, plicmsants, and the woodcx>ck (Scoi^pa^ ruMtcula}. But I 
must refrain from further cataloguing. 

How greatly Ihe avifauna of the Himalayas differs from that of 
a !» ina w demoastrated by a coiuparistm of the neialiug expe- 
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rieoces of Colonel Kattray, in the Alurtco hilla, and myself^ at La¬ 
hore^ wbidi may be taken aa typical of the plains of the PiiDjah. 
In the course of two years' ol^seryation Colonel Rattray found tiests 
of IM species of birds, I did not keep a record of the two years 1 
spent at Lahore^ but 1 think 1 may Hufcly say that T saw the nests 
of over GO species of hivdsy ami of these only seven are incLuded 
in Colonel Rattray's list, published in the Journal of the Bombay 
Xatnral History Society. Xor Ls this alL The Himalayas have 
what Jerdou calls a ** double fauna,*' The birds of the eastern por¬ 
tion are common to the Ilirnalayas and to the hilly regions of A<^m 
and Burma, while those found on tlie western portion of the range 
include a large number of European sj^ecies^ and are, to a large 
e^i^nty common to the Himalnyas and to Tibet and Northern ^iaia. 
Then, again* the ^falabar Const and the Mlgiris possess not a few 
species of birds found nowhere ebe. It is^ therefore, possible to divide 
the Indian Etupire into four geographical regions^ each having a 
distinctive avifauna. Such, then, are the birds that render India an 
E! Dortido far tlie natuiaiist. 

I Ait us now consider lliem from three different standpoints. 
Firstly* from that of the InriJ-lover, of hiui who wntehea the featliered 
folk chiefly, if not jiidely, on account of the pleasure he derives from 
so doing* Then from the standpoint of the biologist, who studies 
the fowls of the air, as he t^tiidies other forma of life, in the hope of 
elucidating some of ilic mysteries presented by the natural universe* 
lastly* frcmi the utilitarian standpoint of the economist, who con¬ 
cerns himself with birds in order to determine how’ they may be 
made to serve best the interests of man. 

TiiK riiAHsi OF niEms. 

Mr. W. TI, Hudson quotes Sir Edward Grey as saying that the 
love and appreeiaiion and study of binig ig something fresher and 
brighter than the second-hand interests and conventional amuse^ 
ments in which so many in thaw days try to live; that the pleasure 
of sedng and listening to them is purer and more lasting than any 
pleasures of e:^cjtement, and, in the long run, ** happier than personal 
success.** 

Only those who have conjo under tlie way of the chami of birds 
am appreciate In what an extent the jote de vivre is enhanced by an 
acquaintance with them* Intei^t in the feathered lujsts, when once 
aroused in a man, wil] never Bug or wane. Rather will it grow' in 
intensity w ith advancing yeiira, so that many a man as— 

^w'LfE to 11H rbse ctulia nnt lEttle day, 

has been iible to say, witli Iho late Mr, R. Boftwortli Smitb, “ birds 
have bcrti to me tlic solace, tlic recreation, the pussion of a lifetime.” 
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It ia not tmy to describe in words the nature of tlie enduring hap¬ 
piness wJiicii the ]oTe of birds gives. Tiiis must-j of necessity, vary 
with tempenuncdt, Says Gilbert White: 


To jrondtr Itcneh. Icof-dJieltcrM, Jet us stroj-, 

TUI bluuilnt objects full the swimlulog slglit, 

AdiJ ail tin? faEUi^ JnluJHfnpc flunks Id at^t; 

To Ztcur th^ droway dor oquii* bruiililDg 
With H tm;, or tlio shrill crlckot try; 

Tu Btjo the foodhig bal throD^ii (|h* wood ; 

Tu I^^ltch the (distant fill I lug flf the flood ; 

Whilu OPT fhs cliir th* sivalcentd titiutn-owJ Irnug 
Throtigh thp Bfil I ;;1 oodi prottacts Ills elm ttertng noiig j 
While high In air, nnd pois'd Hpem his 
Uiua.^'Q, tin* PRift ciuiiiior'd wot^dlart 
ThPfto, tintarp'fl warksi, llio Cdrlollu lulud fniisloj, 
lDEfjilr& a QoothlDg, loeluDeholy Jojr ; 

An fanejr wnrmB, n pleaslug kind of fiafo 

JStfflilp o"er the cheek, and Uirillp tlw creeping yoIu. 

There arc Docasfions on which watching birds lias inspircti in me 
" a aoothing, tuduncholy joy,” But, as a rule, the plensure which the 
feulUeml folk give me, is of a more lively and exhilarating nature, 
not infrequently culminnting in mirth and laughter. For this, the 
birds of India are largely responsible. As 1 have said elsowlieni, the 
man who can watch the doings of the Indian crow for half an hour 
without being provoke*] to laiigliter should, wiUiout delay, apply for 
sis months* leave on ruiKUial oeriilicatc. 

I am sometuaes asked, Wlierein lies the attraction of birds? 

Tlie reply is: In their sprightlincss, their vivacity, their l;eauty, 
and tticir grace," As ilr, F. \V. Headley justly ol>serves, u bird 
seems to have more life in him than any other living crentiirc.** 

In a sense binls s-lniid at the head of creation. It is on Uicm that 
nature has showered a donble portion of her good things. Their 
power of flight gives them a big advantage over their terrestrial 
feliow-creatures. Professor Newton wrote: 


...T to Ptft™ 

o”! ?T. " toMiuaiitles of tlie mouDd or of tlic vcsciattac wblcli 

ckitbea It. as Is Uie itisc with w many naljHnia of slmlJ^r slic. 

Ttiia locomotive ^pwiority, although it must add greatly to the 
appm^ 0 t le i e of a bird, has not been all guin. HAnimals are 
» eonKl4H,e,a Umt .t » only thrqngl, inioK* stniBelo Unit they 

ndvonoo toword porfeuon Tho fo»L. ol th. nir, u, iLoir poni 
of flight, have not been obliged to use their wita to the cslent that 

ewtn^ iBVO. y 

b"'^ Sr’l? *"d goreodU. Idunngc. 

Birds form a haokwutcr in the stream of evolution. 
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TUB SriENTIFIC STtt&y OP 

I hftvo alreadj dwe]!:, upon the richness of tlie urifaiina of Indin. 
It is this iveiiUh in number and variety of species which ninkes U so 
valuable to tiie biologist. 

Grant Allen has said somewhere that there is no university like 
the Tropics, that no luau catt be said to bt* properly educated who has 
not patted the tropit?a[ tripos. 

It is signiheant Umt the idea of natural selection cume to both 
Darwin and Wallace in the Tropica. Tliis great hypothesis revolu- 
tionized biology’. Dut sinoe Darwin’s daj' the science has made coin* 
paratirely little progress. This appears to be in great pmi due to 
the comparative poverty of the European fauna, The iViiierkans are 
oiore fortunote in this respect. But in the New AVorld the progress 
of liiological science has been greatly hindered by the prevailing belief 
in America, not only that acquired characterhfiics are capable of 
inlicritance, but that their inheritance has played on important part 
in evolution. 

Wliether or no tlic e.Yplanations I suggest are the correct ones, the 
fact remains iliat of late years biology liiis not made prognss com¬ 
mensurate with the impetus given it by the publication of Darwin's 
Origin of Species. 

Nearly half a century ago Jerdon wrote in the introtluctory chapter 
to bis Birds of India: 

Tbo teaitency of tbc present npe Ja to acciunnlDtc fiifts nnd not to craicnllre, 
bat we Juive now a suffieleucy of fnets nml want out IotiH to explatn tUeni, 

Since Jerdon’a day thingi? have changed. At present we are nknost 
overwhelmed by tlicaries. Slimy of these possCiKs little or no value, 
because they are founded on an insufficient basis of fact. Doy by day 
firesli theories arc iiubliahed, whidi would not have been ejiunclated 
had their originalore graduated in the university of the Tropics. 

As an example of die kind of alifnirdities to which tlieorizing on 
insufficient evidence leads, I may cite Doctor Jenner’s explaimticm of 
the i«irasitic habits of tjio cuckoo. He conjectured that the short stay 
which cnckoTO made iu England is the true reason why they do not 
bring up their own young, os the parent birds woulrl be impeUed, by 
a desire to migrate, to quit their progeny before they were able to 
provide for tbenutclves. Had that eminent medical man paid a visit 
to India and studied the habits of the commonest cuckoo, the koel, 
ha would not have fonniilater] this theory. The koel st-ays for over 
six months in those localities where it breeds, so that tltcro can be 
no question of its having sufficient time to rear up its young. 
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The growth of wliat is know a as “ Xco-DnnrinisEi ifi a fJtriking 
«xnniplf? of thfl ruoclpm tendency to tlieorisse on irLHunicient evidence^ 
A large school of biologists^ headed by Doctor Will lace and Pn>feiisor 
WeiBinann, declares Unit all the varied plienorrienii of tlio organic 
world can be explained by the action of natural i^lecticm on indeRnite 
and indeterminate variations, I venture to submit that Walloce and 
Weisnionn would have but few followers hud our European natural- 
hrts the advantage of an intimate aequaintance with the bin^s of 
India* 

Como with mo in iniagtniition to a wood on the Nilgiri hills and 
let ua rest there a little, sheltered by the foliage from the ravs of 
the sun, and listeu to the voices of the birds. The joyous notes of the 
bulbuls {Otomrnpm fusciciiadaiu) fall unceasingly oti the ear, furm- 
ing the dominant note of Uie bird chair» Upon these are superim¬ 
posed a tumult of other soujuLs^lIic curious call of the scimitar bab¬ 
bler (FoTFiaiorMnuA the mirthful toue^ of the [nughing 

thrush {TrocAati^ptcPum cGcklunam)^ the sweet. little song of the 
white-bmwedj fantailed flycatcher, the softer luy of Ticfceirs llycatcher 
{Cy&mU tkkelti)^ the cheeping of the black and orange sficcies 
(OcArometa niffrirufa). the feeble twitters of (lie gray-headed one 
iCidieimpa ^ and a muititude of other soundsw 

THK rAR,\I>lS|J FlpVrATClTEll- 

While we jiie listening a fairylike bird flits silently into view nntl 
perches in n leafy tree. This is a pa m disc flycatclicr—a cock in the 
full glory of his adult plumage. Jet black is his crested head, con¬ 
trasting sharply with his snowy plumage. Two of his tail feathers, 
12 inclics longer than the others, hang down like satin streanicn^ The 
ben lac^ this ornam^it, and is deep diestnut, ivhere her lord and 
master is white, liVhile wa are contemplating him another cock ap- 
Ijcars on the scene, but he, although jxisscpsing the two tong tiiil 
feathers, is rich chestnut in color, as is the hen. He is in the second 
ji'ear of his existeiicB, but, like his white neightmr, has a 'wife and a 
nest on which he spends much of the day. Paradise flycatchers are 
r^less creatures, constantly on the moTe. These two are soon lost to 
View amid the folhigie^ 

But another bird, in its way etpially beautiful, has appeared on the 
scene. Having taken some liny insect ufwm the mng, it has alighted 
on a horiKontal branch, and is now bowing gracefullv to right and 
to left, the while spreading out its tail into a fan and singing its lav, 
^uch has bceu likentH:! to the opt*rilri|j bars of the Guard’s Vabe ” 
;^_is IS the whited,rowed, faritiiiled flycBtcher. We tat, not sav whether 
It IS a cock or hen, for in this spetic^ there b no external difference 
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between the fics&% But its liBhits nre very ^tiEtiiliir to tho^ of the 
pfiradibfe tljcateller and, like Umt form^ it builds fin open, cup-shaped 
nest. Fruni tlie tree n g(Tay-headed flycatcher rnxikes a sally into 
the air after the circling gnat.^* lie niii.si have been Siting there 
some tiniL% but* lieing inconspicuous, lie le^iped our notice until he 
movLNi- 

IjCI 113 noTv saunter on o little^ keeping otir eyes open for other 
species of flycatcher* because it is these we particularly wish to see. 
In one tree we uoticcj picking insadfi uif the leaves?* a flock of mini- 
vets {Ptricrocofits /fummwa), tlie cocks arrayetl hi black and tiamLng 
red, while the heus look t'quaUy gay in their gowns of black and 
liright yellow. On one of the lower branches of the ^siinie tree we= 
notice ^ dumpy little bird willi a sliort square tail, robin-iihe in color¬ 
ing, but very inirribindike in sliaja?. It suddenly takes to its wings, 
circles after mim tiny insect, and returns to its perch* and thus we are 
able to n^ctjgiii^e it as tlie black-and-oniiigt' tty«:alchcr. The sexesa 
being alike in pltitnage* we can not say to which one this individual 
belongs. 

A sharp chick, chick,” folioweil by a little tune of six notes, be¬ 
trays the presotice of u Tickcirs blue fly catcher. Approaching softly 
the tree whence the song seems to come, we soon discover the exquhdte 
little glkteiiing blue nxl-hrcastetl sungster. 

’\Ve liave now seen all the eoitmiou tlyi^tchers of the NilgirLs save 
the blue one {St&parol^ itTbimudaf^j) ^ and it ia not long before we 
come upon hinn lie is sn indigo-colored bird, with whitish under- 
parts. (loing a little farther we come iipfm the brownish-olive hen^ 
with tliree youngsters^ which are brown, spotted with yellow* 

Tina iNsuFFiciENcv or NATCTLiL sri^twiox. 

Thus we have living togetlier in one wood, no fewer than six 
different species of flycatcher, of various shapes and wisses^ in some the 
sexes are alike, in others they display considemble difference* Tins 
feefling luibiu of all are very similar. All dwell in the same environ¬ 
ment. Tliera are, indeed, differences in their various nesting habits, 
hut those of the paradi.se and funtailed species are identieak ^ that 
if the coloring of o bird k sfdely due to the action of natural selec-^ 
tion* these two species should l?e ulmo^ identical in shape, ske, and 
coloration. Obviously, then, mitural ^dection faik here to soccimplish 
all that the neo-Darwinians recpiire it to do. It e.vplains nindi, but 
not everrthing* It is but one of many factors in tlie making of species, 

ixuiAN iioaix3. 

The Indian rnbiits present even greater difBculties to those who pro¬ 
fess to pin their faith to the nlbsnfficiency of natural i^lectioru Rohiue 
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Bre found in nearly nil jjarts of India, and fall into two speetes, the 
l*ro^-ha(;ked {Thumnobia camhtticnm*) and die black-backed Inilian 
robin {Thumvobid- ftdwata)^ Tlit former occurs only in northern 
India, and the latter is confined to the soutliem prirtion of the penin- 
snla. ^ The lien of each species is a sandy-brown bird with a patcli 
of brick-red feathers under the tail, so tliat we can not tell by iHerdy 
looking at n ben to which of the two sjiccics she belongs. Tlie cock 
of the South Indian form is, in winter, a glnss^ black bird, with a 
white bar in the wing and the ctmracteristic rerl patch niuler the tail. 
Tile cock of tiic norlliem species, as his name unplies, has a antid3''- 
brown hack, which contrasts strongly ivith the glossy- black of Ids 
hea(.l, neck, and uniierparts. In sunimer the cocks of the two species 
grow inote like one another, owing to the wearing away of the «iiti‘r 
edges of their feathers; but it is always possible to distiugiiisli la-- 
tween them at a glance. The iwo stwcics meet at aliout the latitude 
of Bombay, Oates states that in a certain Kone, from Ahniednagar 
to tiie mouth of the Godnveri Valley, both species occur, and they do 
not iip{>C£ir to mterbriHMl. 

li seems iinpo^iblG to timiouin tliat natnrtil selection^ octing'on 
minute vnrintions.^ has brought nbout tlie divergence Isetween these 
two species- Even if it I>e aivsi;rtcfl that, the difference in the color of 
the friithcrs of the back of the two cocks is in sonic %\ny correlated 
with adaphibility to their part ten liir environment, how are wc to ex¬ 
plain the fact tliat in a ciwliiin zone iioth species flourish? 

UOUE{lTl4« 

A similar phenomenon is f 11 m Lshed by the ml' vented bid bids. This 
genus falls into s^^veml sf>ecies, each cc^rn^pondmg to a definile lo¬ 
cality and differing only in details from tltc aLUed species- for 
example, the distance down the neck to wliidi the black of the liead 
oxtendf^ There is n Piprijab refl-vented bulbul Ufolpd^f^n iutr:rm^- 
u Bengal ^ n Burmese {JfoTp(tsie 4 bjtr^ 

iiiid a Mpidras htTm&rT/tous) species. 

It does not seem po^ihle to maintain the contention that these 
variotis species are tlie prodnctii of natiirai selection, for that woiifp] 
mean if the black of the head of the Punjab species extcnrled faiilter 
into the neck tlie f>inl cmikl not livn in that part of the coitntiTr. 
As there seems to lie some intercrossing lictween thesfl so-called si>ecie.s 
at places, such *ls Lucknow, where they meeU I am inclined to re-nirii 
jhem as lot'al races of a species, rather than as species of a geuii^ 
rhis bowever, do^ not affect the difljculty whidi they present to 
ivallace and his schocil. 

It k t<,niptmg tn l«?lkv« that these slight extemal differences in 
Boino wuy or other produced by the direct action of the climate to 
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^vh^ch tho TO nous foms ore subjiicted. Unfortunately for this by- 
IMthesis, liiere is evidence which seems to disprove it. For cvomplc, 
the coninion house-sparrow in India differy; from our English srpar- 
rf>vv3 in having white clieeks, hut those Indian sparrows which are 
brought to this country do not loss the white elioclr patch as they 
should do had it been the result of the direct action of die cHinate in 
India. 

THE REI> TURTLt KH'E, 

Tlio red turtle dove {Oenapopetia Ir^n^neharica) is another Induiu 
bird of great interest to the biologist. It is widely distributed over 
the idaitis, and ujidergocs local migration. Its nesting imd feeding 

liabits are identical with lliase of the other doves common in Itidia_ 

the ring, the apotU^l, and the tilde brown dove. But, wliLie in these 
species the cocks and the hens mw alike in oxtemal appearance, the 
red turtle dove displays considerable sexual dimorphism. So great is 
dio difference between tho cock and ihe hen that they have iicea mis¬ 
taken for different species. Tlnis we have in Tndiaj living side bv 
side, four widely distributed species of dove, all having similar habits, 
ami in three of these species the sexes arc alike in appearanee, while 
in tlie fourth they display eonsiderable differences. Why this should 
be so, no neo" Darwinian has utfempted to explain. Facts sitdi as 
these seem to Iw left severely alone by Weismann and hk followers, 

fio-CAiJj-j> jtmicRv, 

Tlie avifauna of India fitmisbes aoologists with what some, nt any 
rate, of them arc pleased to term a most striking ense of mimicry. 
Among birds and bea.sts certain sjiecies have their doubles. Xow, 
when two species, which arc not near blood relation.^, are alike in ap 
pearance, and this likeness appears to be adirantageoiis to one of the 
two species, this latter is said in biological parlance, to mimic tho 
other. Such nnmicry is, of ooorse, ttnoonseious. It is commonly 
siippo^ to have been brought about by natural selection. Now, 
there is in India a ciicboo-^e drongo-cuckoo {SunticidiM tuffw^ 
“Which resembles tn appearance the common king-crow (Di- 
cruru9 liter). Further, tlie cuckoo is parasitic on the king-crow. This 
lust is, as we have seen, a very pugnacious bird, especially at the nest¬ 
ing season. It gimrds its tmrseiy with great ferocity. I have 
watched B pair of these little birds attack and drive away a monkey 
which tried to cUtnb into tho tree in which tlieir nest was placed. In¬ 
deed, so able a lighter is the king-crow that some other birds, notably 
orioles and doves, which also are very pugnacious, frequently build 
their nests in the same trees as tlie king-crow, in order to shara the 
liehcfit of his prowess. It would be almost impoasibie to deposit 
in the nest of a bird so jiugnacious as the king-crow without resorting 
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to guile. But die drtniga-ctjickoo ]s iiss Hko Uie king-crow in appear* 
ance as one pea is like another. Ikitli are gllK^^^ black lords 

with a longisth forkid tniL Zcwlogist^i. seeing how the cnckoo ].n?ofits 
by tills rcsi'iiiblanrci declare that it mimics the kitig-erow, and that 
tliis reseinblBUce liaa been brought plxjEit by uaiiintl selection. The 
theory sounds very plausible^ but close inspection Feveals its weak 
points. The king-crow is no fooh ^ that in order tliat the cuckoo 
may delude him into the belief that it a fellow king-crow the like¬ 
ness most be fairly closii. But as the averagit cuckoo is not in the 
least like the king-crow in appearance^ no Ktiiall variation in iho direc¬ 
tion of king-crow appearance would l)e of any lo it. Hence this 
remarkable resemblance iti the first pla^'o hiivc arii^m fortu- 

itoiiHlyj or ratherj causes simitar to those which effected the nigritude 
of die king-crow must have made tJie ances'lnil druiigo-cuckoo black. 
But we are m yet more or less in the dark as to wliat has caused the 
king*crow to be blacky so that we iim not in a position to say how it 
was that this species of cuckoo came to rcisemble the drongo in 
appearance 

In attempting to account for any characteristic of an organism by 
mean^ of natural selection we must Ixj able to explain the utility to 
the organism of the chaCHcter in question m its initial stiige^ and at 
each st^bseqiient stage of its dcvelopinent. It is not sufficient to ?how 
that the diaructer in its fiiuil and complete stage of use to ihi pos- 
sessoCp Tills Li an important [Xiint which biologlsb?, especially nee- 
Darwinians, frequently seem to forget. 

The binck-and-yellow' grosbeak {PycJK^hamphii^ wter&ide^)^ a bird 
common in many parts of the Himalayas^ res^itnldcs the black -headed. 
Oriole nearly as closely as the drongo-euckoo does the king-crow. 
But since the grosbeak does not descend to the plains and the black* 
headed oriole {OnoluH m^lanorfpftuhiK) does not ascend the hills, 
neither can pcK^ibly derive any benefit from the resemblance;, which^ 
it should be added^ extends only to the codes. Thus there is here no 
question of mimicry. 

.timother Indian cuckoq, the famous brain*fever bird {Hierococcf/v 
displays a remarkable likeness to the shikm {.l#^ur badhfs)^ 
a sparrow-hawk very common in India* This is isaid to be a case of 
tnimicry, bent use the cuckoo is supposed to derive profit from the 
resemblunoe. The babblers {Ci^teropuft which it victim- 

izes, are said to mistake it for u Rhik^a^, flee in terror from it, and so 
give it the opportunity it requires to gain access to their nesLs^ It is 
quite likely that the cuckoo docs derive benefit from the resemblance. 
But this is not sufficient to explain a likeness which is so faitliful as 
to extend to ihe marking of eadi individual feather. When a bab¬ 
bler espies a hawk-like bird, it does not wait to inspect each feather 
before fleeing in terror; hence all that b necessary to the cuckoo b 
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tlifit it sJloiild bear a getieral resemblance to the shikni. The fnct that 
the likeness extends to minute details in feutlier marking point to the 
fart that in eadi case identical catiiies have operated to produce ihi-a 
type of plumage. 

WAtJ.ACElSM. 

It ie thus obvious that the problem of evolution Ls far more complex 
than Wolliice and Weisinann would have m Ijelievc, Since tlieir doc¬ 
trine is wiiiely a<»¥pte<] in England to-day and is incttlcated by Pro¬ 
fessor Poiihon at Oxford, I have, in touching u[>on the study of the 
birds of India in its scientific aspect, thought fit to bring together a 
few facts which seem to show that the iico-Darwinian position is 
imtenabte. T would add that I went out to India imbued with the 
teaching of Wallace, and have uhnndoneiil it with reluctance, owing 
to the many facts opposed to it tliat have forc«l themselves upon my 
notice in that country. I am not attacking the doctrine of natural 
selection, for I liclieve that selection is an important factor in the 
genesis of specie.^. It is to the views of Wallace and Weistnnnn, who 
liavc oiit-Darwined Darwin, that I am compelled to take exception. 
It srams to me that Dr, Wallace preaches, not Doi-winism, but Wul- 
laceism, w'hich is a very different thing, 

ECONOMIC ORNtTHOMKiT. 

Tlie economic aspeet of the attidy of the birds of India is the one 
likely to tMwnmeml itself moat to the members of this isociety. It is 
certainly the most important from a practicoJ point of view. Unfor¬ 
tunately it is the aspect with which I nm the least familiar, since 1 
study binls purely as n hnbhy. 

f take it that all men Bti? ngreed that birdis as o whole urc of incal¬ 
culable value to man. Were they to disappear from off the face 
of the earth human existence would be impu^ible. As things are, 
insects constitute the dominant group of organisms. 

In otiniber of Bpecica — 

"tt rites Jlr* Jlaxwell-LA'froVe iTnporiai t^ntouiolo^^t to Iho 
of Tndin— 

In urtiJiil DTiinlk-rH ur bulk, la llio sum tnitil of tbi'lr nc^1lrUllfff^ they outwplpb tiW 
other forms of littliPAl life at iireMiint on Ihe eartlL 

The}' lake toll «f all other creatureii. The birclL» are their chief fF>es. 

It is due uliLios^t entirely to the efforts of the fowls of the air thait 
insects are hehl in checkb To <[iiote itr. Maxw^eihl^frtiy iigTiin i 

Birds are tlio fluclimtltiir l-IukIe un inwx llta, tlie nafely valFe an Jt ^ere: 
tbey Goiigrefnile wiiere they find hittwm, ri'^nlteva of ihidr or Imblta, 

and iXkMAtaotly ec»fiij$unie tlie Huperfitiutis aud tfuperabimilaMt Ide^I Ufe+ 

8ftSS>2--4!H —-It 
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But nil birds dre mi er|niiily to niiin. SomQ lire coinmonly 

opposed to lie pot^itively htirmful. Hence the economi-st does not 
look wpon nil with efiuiil favor. He divides the fowls of the dir into 
two classes—tJie friends and the foc5? of mnti. HLh policy Is obviously 
to encourage the former and to repre&^ tlie hitler. 

Unfortunately, it h by no men ns always ea^ to determine into 
wliich category a particular species falls. A great many birAs, as, 
for example, flycatchers, feed exclusively on insects^ and since these 
latter may afl a whole be regnrdwl as nian^s most deadly eneiiiie!;i, U 
follows that alt purely iti^ieclivorotiifi birds arc his very gixjd friends. 
On thb point there can hv tm dillerentc of opinion. Nor can anyone 
doubt that tliose fowls of the air which subsist maUdy m insects arc 
of great utility to man. 

Mr. Max well: Ijpfroy writes in his Indian IieaTt 

A Inrfic TiumUrr of kVnlA nrv wliollx hafoctlvoiMUJ?. a Earan iiiiiukM'r niv- imrlly 
flo. omi every' one of ileAt^rv4>4C prateerton nnU 

In other words, the great majority of birds are useful to timn. 

FRlKSnH OH TOVAi 

But there cxista a multitude of fcatheml creatures that arc not 
purely insectivorous. There arc the raptort^ which devour other 
birds, small mammals anti m.ptiles^ the vultiircit which eat wirrion; 
and the birds which feed largely on fruit, grain, or fish. HoirV oru 
these to lie rcgardcfl ? Tliis is a question which can be satisfactorily 
aosw^ered only by conskleriug each s|jecie3 separately, and ascertain¬ 
ing the nature of its fot>d at difTcreiit stages of its existence, and under 
various conditions, as, for example, in seasons of drouglit or oxcesdvc 
rainfall, or at times whim Uie couniri' is invaded by stnne insect pest, 
siicli as tlic locust- Even when w^e have succce<lc«l in iL^certaiidng thi.'i, 
we are by no meoiiii always able to say whether the bird in question 
IB a friend or foe. Let us, for example^ Siip]jose that the species under 
observation lives chiotly upon grain crops, but that it feeds its young 
oil harmful caterpiUiirs. The caterpillar is a vorodous creature, 
which consumes several times its uwti w'eight of ftvod in tlie course of 
It day. Thus, the devouring of a catoiqjdlur is a work of merit, whicii 
will outweigh the injury done by cnitiiig a cotisiderable imniber of 
food grains, but who is to my bow many food grains go to a cater¬ 
pillar^ 

TIIF. HrAitRjt>W^ 

Take the common sparrow^a bird which has* of lute, come in for 
much abuse in the coliiiiiiih of ITie Times* It bs of great iiii|>ortart€e 
to deleiiiine die policy to lie adopted towaixl him, for he has spr©id 
himself over tbc greater jairt of the world. In India he is almost as 
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iibundftnt ns in EngkoJ. I£ thn qucaiion: Friend or foe? v?ere 
dtdennincd by tntcs, I fear that the pushing little follow would be 
oondenincd by a large majorityj but I am not at all sure that his con¬ 
demnation would be just. 

^Ve must bear in mind that the sparrow, n$ Ida scientific name. 
Parser suggests, b a bird of towns mther than of the open 

country. Xow, a town sparrow cwn not do much damage to the crops, 
unless, of course (as many London spanxtws are said to do), he takes 
a holiday in the country at the time wlieji the corn b ripening f 

sr.Miflow NnaruNos, 

"n e must not forget that young sparrows in the nest ai'C fed chiefly 
on injwot food. Ijast year I plactai in a cage in the veranda some 
baby sparrows taken out of a nest in the pantry of my bungalow. 
The parents isoon found them out, anil fed them through the bars of 
tlie (uige. T was able to satisfy myself that tlio j'oung were ftfd 
largely on green caterpidam, which 1 believt! were captured in the 
kitchen gurden. In each beakful of food carried to the v'oung bird 
there wore not less than ihrco of these caterpillars. By watching the 
number of times footl was taken to tlie cage, I cak uIatJil that the lieu, 
for she dwa the lion's share of the feeding, brought in something like 
6-10 insects (diiofly caterjijliars) per diem to her bnKKi. Ji?he fed 
tiicm on tJiis diet for nearly three weeks, so that the young ones before 
leaving liie nest had swallowed between them several thousands of 
CBterpillnrs. 

Now', we know that the reiirlug of n family seems to bo the normal 
condition of a sjuirmw, so that this species iwrforms a very great 
service to man in the form of insect destruction. Further, the arlult 
birtls sometimes eat insects, and thb they arc likely to ilo whenever, 
from some cause or otiicr, itisocts become* unuaiiully abundant, that is 
to say, precisely at tlie time when it is most import ant to man that his 
lilUe sis-legged foos should be devoured. As a set-off to this we niu.st 
not forget the large amount of food groins that sparrows devour. 
Moreover, were they less nnuieroiis, their place might perhaps bo 
taken by birds of more undoubted utility to man. Probably the only 
nietbwl of arriving at the tnitli as regards the sparrow’ is to ex¬ 
terminate him completely from a given locality, and watch the rcsidtH. 
This, 1 ticlicve, was done about forty years ago in Maine and Auserre, 
with the n!si.i!t that almost every greiui leaf was destroyed by cater¬ 
pillars in the following year. 

ft is thus obvious that the determination of tlie economic value of 
some birds is not by any means a simple matter. One thing k cer¬ 
tain, and that is that no bird sliould be condemned as an enemy of 
man until a prolonged and careful inquiry into its habits bus been 
tuade. 
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Kurining tUrmigli the long list nf Indian birtlsj we nm^t with some 
twenty species which the economic ornithologist might perhaps class 
as doubtful^ birds which certainly do dcTour food crops^ and 
which must oonscqucntly bo classed ns foe^ unless they render some 
service to man by way of compensatton for the damage they do, 
Thc $0 are tlio sparrows, the varioiis species of crow, the rose^colore^l 
starlings some of the larger flnehes, the puroqueti^ the dovi^s, and tlie 
geese. 

TflE C ROWS* 

With the sparrow we have already dealt. The croAv^i look mion the 
rijjening crfl| 5 s as a feutst prepared for their Ijencfit, But grain forms 
quite an insignificant [M>rlian of ilieir menu. They prefer the du^^t. 
biti to the field, Llie town to the country* The corvi ure a source of 
annoyance to man rather than an econonde posL Tliey are iiBeful, if 
impertinent^ saivengers^ and undouhttnlly destroy a large quantity of 
harmful inseebi. When a flight of locusts invades the Innd they, 
together with the kite^ reiukr yeoman service to the hiisbandxtmni 
Even as a carcass attracts every vnUnre hi the vicinity* so does a 
swarm of locusts bring together all ttie crows of the locality. They 
leave their ordinaiy occupatiwis to dance attendant upon the devas¬ 
tating ho«t^ s^king the insects with their claws iind conveying tliem 
to the beak iti mid-air. Each crow devoura locusts until threatened by 
deatli from a surfeit of focHi. 

In a sense, crowB and otiicr omnivorouH birds are more useful than 
the purely insecttvoroii.s ones. Like the earcfiil hoiiFewife, they live 
upon whatever ha]>pens Ut 1m? in season. If it lie hx'iiats, they have 
locusts for breakfast, locusl^ for lunch| locusts for dijiner. They 
tliecefore form a highly cflicient corps of reservists, ready at xi mo¬ 
ment’s notice to wage war against insect invaders. 

THE aosr STx'kmjso. 

Tlie rose-colored s^tariing {Pasi 4 >t roffem) Spends the greater 
part of the year in India, although It does not breed there. This bird 
la aaid to commit "'great depredations’’ in the com fields, and, since 
it collects in immense flocks preparatory to migralioii, the chorge is 
wdl foiinde<L Hut we must not forget that the rosy starling feeds 
also on grass seeds, insechi, and wild fruit, especially the mnlbern*, 
which grows without cultivation in India* In the United Provinces 
it ifl cnileil the Mulberry hird on accxmnl of its fondness for that fruiL 
Chesney states that in Pet^ia k Ls known as the ^ Lire list bird.’’ This 
name speaks for itsclfi, an<l shows that the bird is by no meatiB an iiu- 
mixed evil. On the evidence at present availuble 1 dn not think we 
are jnstifiMl in setting down the rwy pastor an a foe to the husband- 
man* It should be added that many natives of India eat it. 
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riNCHZB. 

As regnrds th& fiach^ tnaj neglect the E-mailnvats {Sp<>ntg{n- 
thn« amwidava) nml the other tiny s-pheeica^ which tlo not Jevour any* 
thing so large n& a gniin of corti* The weaver birdi? (Plore^ haya)j 
however * eiit wheat, anJ Messrs, flaagrier and Ivy^ 1 iioLtce* Mnio 
that the Afrimn st>ec]es Jo damage to the crops. But it la my 
opinion that in India weaver birtb subsist* by preference, on the 
seeds of the various apeiues of tall gni-sHes so common in that country. 
I do not know from observation tin iivhat they feed their youngt but 
from the fact that the 3 '' nest in the rainy season, I infer that the 
youn^ are reared on iw5^i food* It is therefore my belief that 
weaver birds ought to be numbered among tlie frit^nds of tho Indian 
husbandman. Their relatives, the yellow" corn buntings^ near rela* 
dons of the English jcllow-hainmer, may prove to bo his hies* since 
they do not breed in India. They vi^it Hindustan in large jitxrks in 
winter, and levy toll on tlm rijxuung com* but they, like the weaver 
birds, iipjiear to eaL tliis oidy wlieti grows sc^hI is not iivaJable. More¬ 
over, it Ls not iuiprtfbable that they devour itmecU* Thus the case 
against them is *^not proven*’^ 

The rose tioch iCarpodmatu er^fArinm) is another winter visitor 
which feeds upon the grain crop^, but it rarely oeenrs in wufKeiont 
nunilici? to do much damage, and, m is the case with its relatives, it 
seemx more part till to Llie seeds of grass tliau to iho^^? of cuUivali^l 
crops. Jerdon states that in South India he has ob.servitd it chiefly 
in bamboo jungle, feeding on the seeds of bumlxios, whence the 
Tclegu name—“ hamboo-fsparrow ,’^ 

rABOQUETB. 

The against the beautiful green paroquets 1 $, I fear, far 

sirong«r, Pretty polly ” appears never to touch iftsect food. There 

is no doubt that he b destructive to cereal crops in Irulta, He ha.n a 
bad hfll>it of breaking off a head and casting it away after having 
eaten only one or two gniin^t Ho further docs hurm to fruit gardem^u 
1 have ficeii a rowe-ringcil paroquet {Pal^oniiit t&rquatas) flying off 
with a small orange in hin l>cak. If those birds were very abundant 
they wDuld undoubtedly beconio serious pests* it is tliey ara kept 
well in check. Hundreds of thousands of these are caught as nest¬ 
lings^ and sold as pets for two annas apiece. The paroquet Is the 
favorite cage bird in India- to have one in the house is considered 
lucky* Moreover, notwithstanding recent legislation* large numlwrs 
of green parrots^ skins arti esported from India by the pluuuigo 
mcrchauU Thus man receives ample eoinpciisation for poor polly 
larcenies 
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Doves and pigeons, like parrots, never cat insects. Some species 
subsiBi almost exclusively on fruit, other* on grain. The fruit-eating 
kinds do but little damage, since they feed mostly on wild figs anil 
other fruit of no use to man. ''['he various specie* of dove afTert 
pjoves and plantations of trees rather than cultivated fields, and I 
have never heanl any complaints against them. The blue rock 
pigeons {Columba intermedin) devour food grains, but, as a set-off, 
tlicy are good birds for the table. Tliey appear to be less abundant 
in India now than formerly. Sporlsiocn keep doivn their nutnbera, 
I do not know of any place in India where pigeons are sufficiently 
numerous to do serious harm to the crops. 


(lEESE, 

Tliere remain the geese. These certa'uily do damage to the green 
shoots of the various grain crops, but are so useful as food, and 
afford so much pleasure to the sportsman tliat their annual influx 
into India must be regardeil as nn asset of considerable ^■alue. T)m 
same, may be said of the common quail, which feeds chiefly on grain. 
Thus, of the 1,600 species of lords found in Itutia we can count on 
our fingers all tliose which, on further inquiry, may prove to be foes 
of the fanner. The vo-st majority are his Very good friends, and 
sliould be encoiiniged by every [xjsiihlc means. 


Kxi»ra' or pi.iuiaob. 

In conclusion, a word on tlie exportation of plumage most 
people are aware, the government of India passed, nearly six 
yeara ago, a me.'uwire prahibiting the export of plumage, other* tlian 
^mch feathers, except as natural history specimens to museums. 
Tl.m net was not passed in haste. The question of the necesity for 
nidi legislation on account of the harm done to iigricuUure bv the 
kdling of useful birds for the sake of their plumage, was ruiiVd as 
long ago as im. ft was not imtil im that legblativo action was 
taken. 1 he enactment of 1387 not praving suffidently efficacious, the 
more strLiigent act of ly 03 whs passed. 

Th„ ,h« of I„di. hM dooe oil i„ it, p„„„ to, 

tho oopon 0,111 OOP- 

h .f’ r'- " l««ncd. Tl,e low 

1. .vodod bj 111. ooport,r oiotmg . fob, dccloratioo o» to Uio ooluro 

of liM I on glad to olKcm that , bill probibilini: fli* 

^ ‘h' Mi-- to 
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Siirgoon-Geni'nil Bidie, in a pamphlet published eight years 
gives Ji Hist of thirty-two birtls which nre, or were, fiipttired in South 
India on account of their featliern. Sonic of birds are to bo 

tiuiubered among the licst friends of the Indian hiii^bandnian. Hiit^ 
inasmuch as the act of lllOii has come into force since Surgi>on-ih?n- 
cnil Bidic’s pajjer was writtciiT 1 do not propose to make it the basis 
nf the rcniarks 1 am alxnit to otfer, A sstfer foimdatioii is that 
adortlcd by the sales whielt have actually taken plaw in lAindon of 
recent years^ Tjurge numl^rs of the following' Indian birds have l>een 
sold In T^aidon i^ince the jiassJng of the act: Egretthe '^ospreya” 
of tlie feather imde. Imjwyan or monal pheasants, paroquets^ king- 
fisliers^ trogotifiT oriolei^ rollers^ pittas, owlij^ jungle fow l and peafowl* 
With the ^litiiry c-veeption of the parwpictSt these are all good 
■ friends of the Indian ryot* So that, notiirithHtandLng recent legiHla- 
tion, tJic plume hunters are every \*etir draining India of thousands 
of what Sir Charles lawi^cn ivcll calls u w aichfiil and efhclent bird 
police agaitihl muitltuduious liLsect thieves*’- Tims, from a purely 
ecoiionne point of view^ apart from tlie crudt}^ it involves, the trade 
in plumage birds is harmful to India. 

n-tTixcrioN or utiujp. 

There Is also the quriition of the estinction of lieautiful birds. 
Whether there is iiny danger of thi.^ I am not in o ]>usitioit to sa>% 
for my stay in IncUa has not Iwen sulKeieutly long for me to ha able 
to form an opinion of the elTect of this bird ^^laughter on the number!? 
of the various spe^ues* But. Sir Charley? I^awsoiij writing in 
states tJvat the cojitinnous depredationsj of a long serm of yeeirs, 
have wtwfiilly reducetl the means of supply (of birds’ skms) ^ as any one 
may notice for himself wdien he passes paddy fields^ or strolls througli 
silent, because birdlessj plantations or forests^” It is certainly sig¬ 
nificant that the l>eautifiil Indian roller, or blue jay indieu) 

is II re re bird about both Madras and Bombay^ while he Ijucome? more 
plentiful as one goes inland. There seems to be no reason why this 
species should not thrive right up to the seashore;^ so that I am forced 
to attribute bis scarcity on the coast near Bombay and Madras to the 
depredations of the plume hunter. 

THE INOICTXENT THE mtrjfE tItJNTEB. 

There are three counts in the Indictment agaltist this individiiftl. 
First, that he is causing to l>eoome extinct some of the most beaulifid 
of God’s creaturea, J^ecoud, that he is robbing the hu&bandmBn of 
numbers of hhi most useful allies. Tbiitl. tliat be is guilty of much 
cruelty. As regards count number one, thanks to tbe action of the 
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Oovemincnt, no Indian specios^ «?scept putaibly the moiiftl phcusani: 
{Loi^kophorui mfulgen^) ijeemsi iii danger of early exit net ioti. \s to 
tx>unt number two, notwithstanding iJiis legislation, the plume luinter 
continues to destroy birds nsefnl to the cultimtor, TherR ramaim the 
third count of the charge, that of cruelly. Upon this I would lav 
espwial {dress, for J am convinced that if ladies liail even a faint idea 
of the cruelty which plume hunting involves, they would, with one 
accord, jihstaiii from wearing any feathers save those of the ostrich 
and various game birds. 

CKl-RLTV TO ASJilAI^. 

The low-caste iiihiibitante of India arc, I regret to say, not, as a 
nile, chanicterized by kindness to anijnuU. They seoni quite unable, 
to appreciate the fact that animals can feel. I have often oliwrved 
dotikej^ staggering along sa overloaded that at each step their hind 
legs biTi-shccl,” and blood issued from the places where the friction 
was greatest. I have seen, harnessed to a tonga, horses so eshinisted 
that, tliey could wnreely stand. On one (xca.sion a friend and 1 
walked a considerable ptjrtion of the journey from liowalpindi to 
Murree m July becausse .some of the tonga honsea provided for us 
had not sufficient strength to pull the vehicle at more tJian a walking 
pace. On our way up we actually came upon tiie body of a hors® that 
iiad droppvil down and died from sheer exliau-stion. We reported 
the matter to the local government, and suitable action was taken. 
Some natives use what are known as ** thorn bits,” that is to .say 
bits provided with sharp spikes, so that when the miiLS arr jerked 
these rH'iietrate the llesh of the mouth of the unfortunate steed. 

In India fowls are always sold alive at market. The cook, when ho 
purthnsos a nlimber of them, ties the legs of all tightly together, and, 

holding the tied-up bundle of legs, he carries the poor creatuns home 

ncad iJownward, 

Ulien out shooting I end it necessary to examine every bird picked 
up to make su^ that lifa is extinct, ns otherwise the coolie that carries 
B >ag will put living birds into the game stick, and there thev 
will Imng suspended by the nedt until they die, Since animals aw 
treated thus in everyday life, it Ls not pleasant to contemplate tlm 

S,:/ *"T bird 

hU ‘ " “ V' tbe poor creature up in 

US Imn doth, le/>Fcs it to die u Imgerbig deutli. An likelv as noL the 

E,.„ rt.i. M.„ g„i„.v of Similor CoIoobI B,„„, fo ih. 
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evidence which he guve, in June, before the select committee of the 
House of Lords on the importation of plianegie prohibition bill, said: 

Ijiit year J Jtiiew of aDotber nokerj (of CKtetaJ la New tSootli Wales wbete 
Bome brigaud# went down and deatnoyed. 1 tLlnb. aboat r4> blida, Shortly after 
It waa dune we seat a DbetogmpbGr up, who got a very Intereatlagt series of pbo- 
togmpbii taken. He pbotogrnpbcd a lot of dead birds nnd sonne young oaes tbat 
died In tbeir avsta, and be gut oue pbotojmipb, wbtcb In nijuuet nnlgue, of three 
youug birds just with tbclr boada dropping, almost at the paint of deotb. 

Wo have listened lately to much talk about the right of women to 
vote. I beg to point out that there are modes of exercising political 
I»w€r far more efficacious than an occasional visit to the polling sta¬ 
tion, Woman—votelo^ woman—can, if she will, do more tluin even 
tlie British Parliament to prevent the destruction of beautiful birds. 
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By RicnAkD S. Litll, Ph. n. 

AMUcfate cttritfor fn ri;ftt<bn/te ptilruiUotopy, PeabiJdif Mtueum of yvlural 

UMoTj/t ralft 


Pabt I. 

The tnotlern ■word dcphant, which may be luscd comptehensivelv 
to include all of the proboecidlatiK, comes f^tm the Greek £U'^« 
(Ut^ur), a word first uswl in the liters lure by Henxlotiis, the father 
of history. The oripn of the word k somewhat a mwtter of doubt, 
ccHuin authorities deriving it from the Hebrew **eleph,” an ox; 
others from die Hebrew “ibfih," Sanskrit “ ibhas,” an elephant, 
comparing this with the Latin “ cbiir,’* meaning ivory, ^tnotbw 
SatLskrit word is ** hastiti,” elephant, from ** hasta,” a hand or trunk. 
Ttms ibo nncients emphasized the three characteristics of the pro¬ 
boscidians. sirAS, the tusks, and ttic trunk, which are tlio most strik¬ 
ing features of the most remarkable of beasts. 

The prob(»cidians may be defiued as large, trunk-bearing mam- 
taals, with piI1nr-Uk« limbs, sliort neck and huge head, often with 
protruding ivorj' tusks, the modified up|wr and, in earlier, extinct 
tyjKS, tlie lower indsor teeth, Tiie proboscidians constitute a sub¬ 
order of tlie great group of ungulates or hoofed mammals, yet have 
their nearest living allies in creatures strangely remote in sire, form, 
and envirorunent from the lordly elephant, for the paleontologist, 
in his ardent search for family trees other than hi*t own, often dia- 
doses some srennii^y paradoxical relationships which completely 
upset the older ideas of classification. Explorations have recently 
brought to light evidence to show that the sea-living Sireuia, whose 
■iVmerican representative is the Florida manatre, can claim dose rela¬ 
tionship with tlie elephants, though nothing could bo more nnliifu 
than the proboscidians and tlie fiah-like Sirenia with broad swim¬ 
ming tail, front limbs reduced to Bippers, and no hind limbs at all. 

« Beprliiteil by pcrmiseiiloa, attcr natlior's revlslou, tTiuu the Ajaerlcvu Jourasl 
of Sclrece. Vot XXV, Marth, J»0S, 
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On the other hmnc], unatounf^ liud nJrejidj m-ogiiiaied ccrtAin idmi- 
of stxucLuro l^etweeii the i&teplnints and the the 

Ilyniees^ or conies, fueryj rabbit-Jike atiiniab not moit^ thiin 18 
inches in Jength^ sliort eiii^T tiiillciTi^. and with hoof-Mke nails instead 
of llio claws one would be led to expect from tiieir general uppear- 
ance+ They are confined to Afrien with the excejition of the Syrian 
conies, which the Hook of Proverbs tells us ^ are but a feeble folk, 
yet make their houses in the rocks.’* Kecent exploration in Kg^^pt 
has revealed the presence of a hyxtix niudi lurger than the modern 
representstivesi of the order^ and |jr{H!laiming by itd structure a much 
closer iipproxiniatioii with the early etephanta whose bones are found 
entouibed in the same ^lepo^its. 



FlO. 1.—Th* iTanaJ (iii niMrlnifii / after Bnbin, 


Elephants fjhow' a curious intermingling of primitive and special- 
issed characters^ for in spite of the remarkable developingt of tcetii^ 
tusks, and trunk, many of the other lx>dily feattirca would serve to 
place them among the most archaic of the ungulates 
Tlie primitive feattirois of the elephants* briefly oruimcratedj are 
as follows: 8implkity of stotnnehs liver* and lungs* and the rather 
low type of braim The limbs combine the archaic foutiires of five 
foes in front and rear uiid a serial arrangenicnt of wrist and ankle 
Ixmus with the admirable adaptation cif the entire limb to Ujo support 
of tlie huge body* The limbs are further primitive in the retention 
of both bones of the lower leg and arm, for in other ungulates 
one of ihese in each member become? greatly reduced, being* for 
part of the length at leasts often entirely absents 
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The special ndaptatIciiiH arc, os in the liorsoti* priijiiirilv for food- 
^ and locoinotiont allboufifh incitlenlLilly ihe eiepliants hove 

develij^>PLl admirahk weai>oiis far defenise^ togipthcr with the 

pretit iiUo and ihit'k skin, render them ahjioe^t impregnable to their 
etieniies of the brute creation. 

ADAPTATJONfl OF TlfE T.tMKf^ A NO KEET. 

TJje development of the pillar dike ]lmh of the elephant lieen 
Bho%vn to lie ijierely a de^nee to support the enormous bodily weight 
and wm indejjetidently iicquiretl in other groups of land [iiiiumk 


FlO. flirmr ErCi|fj^#nlm4; ttlpr Re^hra. 


of luig^ frize. In most however, the knee iind eHxiw are 

pi-niianentlj: bent, the upper limb btmes bclnji# of the shaj;* of an 
clongiited S. Tiirreasiiif? weight necesaitutes a straightening of the 
linih in order that the weight may be irunsnikted through a vertiral 
shaft. This is more far-readiiiig than one won hi suppose, ua it 
implies also a straightening of the bones themselves and a ahifting 
of the articular facets from an oblique to a rigiit angle with reference 
to the long axis of the bone. The forjt has changed its posture from 
the primitive plantigrade position, for the heel and wrist bones are 
elevated above the grotmd and a thick pad of gristle has itevelopcd 
beneath them in each foot, forming a cushion to receive a share of 
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the weight. The toes are not separete. hut ime embedded In the com¬ 
mon mn^ of the cj'liiidrical foot, the hoofc being represented by nnila 
around its forward murgm. Tliese may be fewer in number than 
the toes. 

AtJAPTATIOh'S OK TirE SlCTTi AND TKETII, 


Owing to the sliorttiesg of the neck and the heiglit of the head from 
the ground, the proboscis or trunk, wbielj is merely an elongation 
of the combined nose nnd upper lip, becomes a mobl iiecpst>ary device 
for ficcuring food and water. This organ is composed of a great 
Dumber of mtiBcIes, and bo combined and controlled ns to ^vo not 
only cnonnons strength hut the utmost dedcat^- of nioroment. The 
tnink terminates in one (Indian) or two (African elephant) finger- 
like projections, with which a pin can be picked up from the ground. 




Fjel 5 .—Amzirtcftll iDftdtQ^an; ilfw (y*rvu. 


Tivhile the tniiro orgnu 
has Ktifficieni htivogth to 
uproot a trcfl, 

Tlio development of 
the trunk been ac- 
compEiJujcd by u Bitirkcd 
ebsjige in ttae diameter 
nnd form of tlio skull, 
Tvbieh h merely n me- 
chanical adaptuLion to 
provide I ho leverage nec¬ 
essary to wield so 
weighty an orguiia This 
has been brouglit about 
by a ybortciiiiig of the 
Hkiill, nocompanies] by a 


correspondmg increase ,n height. T],e result is tliat the base' of 
the trunk has been brought much nearer the fnlcniin at the neck, 
dins shortening the weiglit ann of the lever, while the increasing 
height not only lengthens the power unn, but gives more stirfuce 
for the attachment of muse es and tl.e great dostie ligumentum 
nuchm which aids m supporting the head 

Tl.» d.„p. i„ ,l,c fom of U.0 .toll, rtilo >t gives ,o U,e ptvsi. 
ogooniv of l!» .nm»l th»t JigoiBed, i„iel|«,„,] ,, 

LTmr '■™". tor the I,min coe has io™S 

bot httlv, ll.e ^ ^ of the sta.,1 « 

the n»f of tb. skoll is gre..,, 

itelf,. f^lov. »oIl ritL ut aX j " 
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The teefh. 


It ia gt?nemlly true nmong^ inamiDak that Ow nonual number of 
teeth in tlie adult is 44, 11 in eaeb half of each jaw. This number 
Is rarely exceeded, but often because of specialisation a reduction in 
numl>ors occurs until, as in tliei ant-bears, the limit of a totally tooth¬ 
less ooiidition may be readied. Tile elephants, owuig to the great 
increa.^ in tbo sim of the indiridual grhuleTs and tlio bis^ of nil but 
two upper bebior^ in the forward part of the month, Imv^s the total 
nuniht^r of teeth reduced nppdrefitljf to as but one fully foniied 
grinder is in use in each half of each Jaw at any one time. 

Actually, however, the number of teeth is greater than this, owing 
to the peculiar niamier of tooth succession, in which, instead of huving 
the adult tcetti re¬ 







place those of tho 
milk set vertically, 
the succession Is 
from belli zid for¬ 
ward. The tootli 
forms in the rear 
of each jww and 
movej^ for^vard 
through the arc of 
a circle {see fig. 4), 
gradually rcplac- 
inif the preceding 
wears 

away inrough use, 
until the final rem¬ 
nant is croivded 
from the Jaw and 
the new tooth is in 
full service. Bear¬ 
ing this in mind, 
it is erident lliat the full tootJi series is not confined to thoso prcseul 
at any one time, but fdiauld include not only teeth whidi have gone 
before, but, in a young animal, thosie yet to come* Sir Eichard 
Owen gives the total dentition of the modern elephant as follows: 

Iiiciso]^ y_Qt molars which, lieing inlerprcled, means that 

there lilt* in each lift If of I ho appear jaw two tuskR, the first milk 
tusk lieing succeeded by the permanent one, while in the lower jaw 
there are none. There am all told six grinders in each half of 
cadi joWj the first apiiearing at the age of 2 weeks and being shed 
at the age of 2 years. The second is shed at the age of 6, the 


Fia. 4.—toDPd ■knll ftf iDtlUh clrpliant J Owi<n^ 
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thinl at 9 the fourth from 20 to 25, tJio fifth at flO, while the 
tiijcth lasts for the remamder of the creature’s life, up to the age 
of 100 to 120 years. 

The structure of a single ti>oth finds no exact parallel among other 
mammala, as it consists of a serka of vertically placed transverse 
plate^ each composed of a flattened mosi of dentine or ivortr siir- 
roundeil by a layer of enninel. The plates are in tnm bound toother 
into & solid mas? by a third materia] knoivn as cement. When tlie 
upper surface of the tooth becomes worn through use, the hard 
enamel appears as u series of narrow traa-n-erso ridgis between which 
he the dentine and cement in alternate spaces, as two enamel ridges 
with the inclosed dentine are derived from each plate. In order to 
keep the teeth in proper condition, a certain amount of harsh, sili- 












wfMjcIy niated^l is 
tiecij^ssary; other- 
wise tJi«? tectJi be- 
eotiie ns smooth as 
jHilbhcd marble, 
and as the rate of 
^owth b nicely 
adjiLdcd to nor- 
iuhI w’ear the 
dephant suffers 
greatly wdien giv¬ 
en improper fowl, 
Thd number of 
plateia in the lai^- 
ffct tcctli varies 
from 10 to 11 in 
the Afriotn ete- 

Tn. I - V pliant to 12T in the 

I^iu. Th, l«irr had .nd finea 

i" •!>!» .he e,.l».in..ion of 

Th. t,.^ „„ merely m«li|i„] i,^ , 

rrloeh 1 . ge^ throogkoo, life. The, are eonipoeed mhS” 

of dentine or.vonr »*• “perletire laelity, the enamel hAgleda^ 

to a small patch at the tim which ^ nwaccd 

tusks have various uses, but Uieir orimitiv iiwav. The 

The African elephant is so industiLns n f'>r ‘liggitig. 

is always the shorter, as it, has to bear the bi^lf ilf *^ *** 
are so small as to Ik appuremlv alKent In tl . Tusks 

phmit and ofle. i„ .he imUe. .hil. U.., .re p^TTa bo^,t°.a't 


I'ta. S.-Cnnrtt iHr^ .ad Hctkin qf . moiur tiHUh. orieio.l. 
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lliis AfriciiJi spthiifiSv In $i7A^ they lire always much snmllcr in tliu 
Indian furnit as TG pounds Is the muximum weight for a single Insk^ 
while the gneiitcst reconkil of those of the African clepLkant la 
10 feet I inch in length by 23 mches in circumference iit the base^ 
with a we!gilt of 224 pounds for the riglit fcusk^ while the left meas¬ 
ured 10 feet 3| indies in length hy 24^ inehe?^ in circumferetioe and 
weighed 23l> jwjutids, a total «f 163 jHnmds for the pair. 

SfEXTALmr. 

Tti spite of its archaic typo the brain is large and the surface is 
highly convolutedH, thy weight Ijeing on the avenigi! 64 jionnds—itioie 
than dull hie that uf main Thu intdligence of the elephuivt I ms been 
cxtiggi^nitcHl by irfuue wriiers and greatly minimbed by olhers. Sir 
Henry Baker^ a British e_^piui\»rt and the fJennaii tmtiiraUst Schil¬ 
lings give us the must unbiased view of tlie tiigtitality of the ele- 
pLmtih Elephants a remarkable memory of injuries^ real or 

faiiciodj of misfortunes, and of the time and place of the ripening 
of favorite fruits* They also learn to jwrform cuaiplex labors, a'i 
the carrying iiiul piling of logs in the teak yards in India, without 
other directions tlmn the initial ordetn. They are said to lie weuthcr- 
wise and to be able to foivtell rain ^me days in advance. Elephant^ 
are olHslient and docile^ notably those of India, hut the males espe¬ 
cially are subject to periudii of iiervoxis excitement, apparent h' of a 
sexual nature, known as wlieii they become very dangerous 

and sometimes destroy the keepers m their paroxysms of rage. 
Ultimately all tunic elephants become surly and intractable. In the 
wild state such are known as rogues* and live upurt from their kind 
until they die. A fine six^cimen of the In [Han elephant, knovrn as 

Chunee,'^ w'as brought to England in 1810. He was verj" tractable 
anti continued to grtiw until 1820, when the tirst paroxysm occurred, 
in which he attcmidcd to kill his keejier. Similar paroxysins oc- 
eurred witli increasing force until 1826, when the violence of the 
animal necessitated its slaughter^ With Chuiiea this condition oc¬ 
curred very early in life, as tlie unimul was not fully adiilti at the 
time of its deaths Tlie famous JumbcK an African elephant, was 
sold from ihe I-rfiiiilon Zoological Gardens because lie whs no longer 
trustwmrlhy, from the same cause, Ife \vm not* however, a confirmed 
rogue even w hen he clicfl, three and a half years later. Jumlw w-as 
about 25 years old at the time of his 

Tliere is a possible parallelism between human mental devidijp- 
Uient and that of the elephanL One of the most potent factors in 
the evoliitjon of inan^s mind i^ his ability to tuindle various objects 
and thus bring them liefure the faca for exanihiaiion. Tliia is also 
found in the elephant, although to a less extent, and nndoubtLHlly 
has aideil nuilorially in it^ mental development as welL 
SS2U2—«y: —12 
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Elephants an; rightly orctiso] of timid it}* and cowardice, though 
whtm hffiught to bay rage may simtilatc couragCt making ii charging 
tusker n most foraiidahle foe. In common with most forest nnd 
junglo dwelU'rs, elephants, while relatively duU of sight, arc keen 
of scetil fln<l lien ring, in fact marvelously so, for, ns Schillings tells 
ns, they cither have nn acuteness of some known sense far Iwyond our 
comprehension or jir»ssitily some other senoc unknown to ns. The 
sentinda (if the herd stand with uplifted trunk, which ernphiisixcs 
the value of the wjnsc of smell. 

Klephniits rarely brcetl in captivity, alnmsi nil of the tnmed imli- 
vidiials having been bom wild; hence urtifieial selective breetling. 
wLicli has given rise to such vahinble results in the hettenuent of tlo- 
mesLic uninial^, is tiiinvaihiUle for the improvement of the race. 

The rate of increase is extremely slow, for Dam iri tells tis that they 
liegin to liear young at 30 years and continue to do so until tK>, during 
which time sis single youtig are [iroduccd on the average. Hut to 
illustrate the necessity of a check upon iuerea^ie anicuig animals, Djir- 
win .says that even at this slow rate the otTspring of a single pair 
would in five hundred yean* amount to 15,000,000, provided they all 
lived to iiiatHrity. 

uviPBsres or evoi.i tiox. 

The evidences of evolution are threefohl: Structure, as shown by 
eompanitive anatomy, ontogeny, or individual development, and 
pliylogen 3 ‘ or racial history. The last, paleontology uiakcs know'Ji to 
us. We may, l>y emnparing the structure of a given form with that 
of other aiiimals, gain an insight into the prolmble eourse of modili- 
eations which it has umlergone in the development of its distinctive 
features ami often a hint, at least, as to its ancestry and relationship, 
as in the ease already mentioned of the Hyracoidea and elephants. 
Again, the small hind limb and hip hones hurled deep %viUun the body 
of the whales and the hip bones alone in the case of the manatt^ 
(Sirenia), having no possible function, an; indubitable evidence for 
descent in each case from some land-dwelliug quadrujjeda 11viie. This 
has b<‘en corrotmrated in the last instance liy the recent finding in 
the Eocene of the Egyptian Fayfim, of Sirenia M hind limbs. 


Emlyolu©; Hhow-s us the curious jmrallelism which exists he- 
iwwn the nullvKluaU hiBlory and that of the race, that of the indi- 
vjdunl being in most rases « more or less abridged summary of that 

I have .imken of t||e shortening «nd eorresimuditig incranso in 
h-tfdu of the elephants skull to provide tlie leverage necessary in 
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wi<?lding tlic lidgt triiEk. The development of this feature U beauti- 
fullj' ahown in individuAl growth* for the ticw-hom elephant hiu^i ii 
relaltvdy long, low ^ull, tlic whUh of wliidi are ?;lightlj Udckened, so 
that the brain clmmlier fills the aktill completely as in most other 
mammals During tJie i:oarse of gf(»vth, however, the skull walla 
thicken greatly through the developnient of the air cells, while the 
hmin travity incresi^s comparatively littlct jnet ns one would predict 
from the si rue* 
tiire of the ncluU 
hkiill. 

Of the pre- 
ntital life of the 
eicphflntt cover* 
ing a jwriod of 
twenty months, 
we know very lit- 
ilCf but it is Vitii- 
sonuble to suj>' 
pose thnl miihry- 
olog;’ would give 
us much more 
liglit upon the 
development of 
elephantine fea¬ 
tures. New-lxirn 
young are ele- 
phani-like in 
every* jiiirticiilor 
with the cxce|>- 
tion of the skull. 




Via. 'Swrttaa uf bAuU ^uup^ (Xtl, ao4 
Pttiwcr'i 




The great 
proof of the evo¬ 
lution of a race 
of animala is the 

finding in the iitielejii rucks mure and more primitive forms ms one 
les in lime, until the most ardmic type b michetlp By the study 
oi such u aeries of fo^^sils not only may the evolutionary' dmiiges l>e 
leertied, but former geographical distributions, the original home* 
and the various migrutions of the race. llTiile this matter ia treated 
much more fully in the second and thirtl parts of thb paper^ a brief 
Humiuary of the i-acial history may he given us follows: 
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The enrlio^st khaAm prflbo^idi^ns disc'overstl in llic Egyptian 
Faynm, in bed^ af middle Eoeptn* ngie. Their rcmaiiiri arc hIkd f^Mind 
in the npi>er Eocerie ot t)ie Fiiyuni. but the Oligocene elepliants arc 
as yei utidiscnvered. During the early Miucene the first inigraiiaii 
oeeurred into Eiii*ope and thence to the region of India and ei'en 
for as Xortli ^tnierica^ both of which were reached by tlie middle 
Mioeen& The Pliocene jsaw the elephants in their mlllenium, having 
reaehed I he widest ilifiper^Hl iinri (he iiiuximiiin In numbers of s^jecien. 
During ITebtoecne thnes the Pruboscidiu covered all of the grest land 
ina^^ except Aiislnilia, Init were diminishing in numbers, and 
Inwani the close of tlie Pleistocene the (period of clecadenre began, 
resulting in the extinction of fill hut the Indian and African elephants 
of to d^y, 

SUM Til AH V or *ni K rWOLUTliJN. 

The ph3nsi(?al rhanges imdorgono by the race are also elenrl_v shown, 
as (he puIcontoliigical series very complete. Tliese changes may 
thus Ijc Htimmarbet): Increase in and in the development of 
pillar-like limba to support the eiinnnoiis weiglit. Increase in size 
mil cfoinplexity of the teeth and their consequent diminnlinn in nuni- 
lier?( ancl the development of the peciiltnr method of tooth ^nJcce^^i5ioii, 
The loss of the canines and of all of the iiicis<ir teeth except the second 
pair In the ufiper niid lower jaw^s and tJie developmcjit of these as 
tusks. The gradual elongation of the symphj'sis or union of the lower 
jaws to titreugthen and support the luw’er tusks while digging, cub 
ndnating iu Tttrabelodoik anr/uMidenA^ TIte apparently sudden sborl- 
entng of this synipliysis following the loss of the lo>ver itisks and the 
cfUTijwnsaiing inen^ase in size and the diaugo in curvature of those 
id the upper jaw, 

Thu iricrca^ in bulk and height, together with the sliortcuing of 
tlic neck iiecesfatatod by ihe incrii^ing weight of the licod 'with iii 
great biittcry of tusks, necessitated the development of t\ prchensilo 
upper lip which grn dually cvolvctl into a probo^it'is for food-gath¬ 
ering* The elongation of the lower jaw^ implies a (similar elongation 
of this probost^is in order that the laltcr may reach boyond the tusks. 
The trunk did not* how^ever, reach maximum utility until the short- 
ening jnw% renioving the support from liencutlu left it pendant, as 
in tho living elepliaiiL 

Ihe change in the form of the skull developed pari passu with 
the growth of the tusks and trunki, as H is merely a mechanical 
adaptation tu give greater leverage In the wielding of the^ orgons. 
Tt may readily seen that these dianges curiously interact uptm one 
another: the result of the evolution of its parts being the development 
of n most nsaiwciouji whole. 
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with man. 

\suh ftxnii Llio ‘^p4^cLl*s of pltisphniit now livin^^ at loiist^ three es- 
(inct tvpfe were oooval wiiJj tiuiiikind, one dLstinctlj Anierimri, Ibe 
miistodoo^ .Vanimut tinu-nCitiikumj one eoniined to Kuropo and South¬ 
ern Ekifftitit rtniujuun^^ while the tliird^ the liairy mammoths 

Kiephan was common to both, jiiid to northern A_sia ah 

well. Of the 3 o the mammoth m without esceplion iho bent known 
of ult prehi^oric animals^ for not only have it a boiiets and teeth lieen 
foil tut in immense [umil^ers^ but* in ficveral injlances, frozen carcasses 
have been JiBcoveml nearly or quite intact^ the hair^ hiile^ and even 
the viseeia and miiscleis wonderfully preserved* In many inataiices 
tlicsi? were trirvot^ably lost or weix?; devoured ljy the dof^ and wolves 
or by the natives tlieJnselvqs, Two specimens have l>oen pi'csen'ed, 
however, and are now in the St. PetersbLir;^ Zoological ^Iiiseiini. 

Of lliese one was found in the Ijena I>eUa in Siberia, in 1790, and 
secured in ISOti, The skeleton w ith j>utchi's of liide adhering to the 
hend mid fet^t may hi' seen, but tlio flesh of the miinial wa^ 
devoured by wolvoa and bears afler being preserveil in naliire-a 
<f>ld-iiiorage warelimjso for tlimif^nds of years (pL 1). In 1901 
annilier specimen was found nt Bercsovka, Siberia, 800 milisii west 
of Bering Strait and bO miles wdthin the Arctic Circle. It is sup¬ 
posed that this creature slipped into a crevasse in the ice whlcli nmy 
iiave been eoverefl by vcgelationt ns in the ^lalaspina Glacier of 
Ala^ka^ That Uie jNior brute died a violent death is certain from 
the fi^cture of llie hip and one forrieg and tlie pr^ience of unswab 
lowcit groi^ iwciwuen the teeth mid upon the tongue. A great mass 
of riolted blianl in the clitst lell^ how sTiddcnly tlie Reaper nverbiok 
it, the crenture having litirsl n bUmd vei^ael in \t^ frantic efforts to 
extricate itself, llucli of the Imir iiad been des^troycd when tlie 
animal was dug out of the cliff, hut the collector, lb (>. F. llorz, 
has preserved a very accurate record of texture and color of the hnir 
on different parta of the body. This consists of a wwUy urulcrttiat, 
yellowish-brown in color, and an outer bristly coal varying from 
fawn to dark bn*wn and black. The hair on the chin and hreaHt 
iiiUsL have been ni leaht Imlf a yard in length, and it was also long 
on the eliouldors: tbid of the hack, howTVer, "was not presDnoJ. 

This iiUcrijttjtiiig relic h mounted in the St. Pelcrsburg Museiiun the 
skill in the attiindo in which U was found, while the skeleton is in 
walbing postun* Iw^do it (pi. 2), 

Imnien.^^ qiiariLities of fossil ivory have been exported from SiluTiu, 
thi-n- having been sold in the London market as mmiy as mam- 
lunlli tu^ks in a single year, averaging 150 pounds in weight j of these 
but 1-t per cent wei’o of the Ih'-yi quality, 17 pt^r cent inferior, while 
more than half were Ui§ele^ tomiuercialh''. The total number of 
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m Jim moths reprc?scTil<Kl l>y tli&oiiLput nf fossil i v^orv sinc<> tbo 
of Sit^priw is not far from 40,U^X), not. of coiim^ ii single li^nU iMit tho 
arcumulatinns of tLiousunds of TIio oyster tni^vlers (mm thr 

single viJlugi^ of llnppisburg dn-dgetl from the I>ogger Banks olf thu 
coast of Xnr/olk, England^ iJ.OOO moJar tetdln bcsUlea tusks and other 
mnmnitoth remains^ Lietween the years I8ij() and This indicates 

not only Uie great proftision of the marniutsth^^ of the Pleistocene, hut 
the existence of comparati%'cly recent land connection betwcfen Eng¬ 
land and the continent. 


Direct evidences of the association of mnn and the mammoth are 
plentiful in Europe but strangely enough nl>fwlutely wanting in North 
America, althougli we ha\"e every niaison to holieve that such an 
rLssocriation existed in the Kew World os well as in the Old* In 
Euro [MS not only have the bones of nmti and tiic mammoth Ijeen found 
interiningled in a way that iiziplieil sitrict contemporaneity, hut ^till 
more striking evidence is shown in the works of prehistoric artists. 
The fidelity with which the umminoth U drawn indicates that the 


artist must have 
seen the animal 
alive. 

One of the most 
notable of these 
relics IS an engrrav- 
ing of a charging 
mammoth drawm 
upon a fragment 
of mammoth tusk 
found in a cave 
dwelling at I^i Jfmlnline in Mint hem Fiance, Tn the Grotte dcs 
Combarellea (Dordogne), France, there are in addition to some forty 
drawings of Uici iioi*se at least fourteen of the nuimmoth. Tli^e are 
miirul paintings or engravings^ the former being executed in n black 
pigtnent anti some kind of a red ocher^ wdide the latter art scratchctl 
or deeply incised, soiuctimiss embellished with a ilark coloring matter 
(oxide of manganese). It is especially interesting to note that the 
people of that clay were not only sufficiently advanced to have arlLsta 
of n veiy high order^ but that they also had begim to domesticate the 
horse^ if one may judge from the indications of harness on some of 
the oqtiiiie figures* The hor>c is a most [wteiit factor in the eivilisEU- 
tion of niiifikhul 

Tn die caverns of Fond de Gaume in southern France there are 
at le^st 80 pictures, largely those of reindeers but including two 
of the mammoth. Die actual a.^sociation of nian and the mammotli 
in America has not been proven. In Aftcm. Oklahoma* is b bulphiir 
spring from which have been brought to light remaim^ of the mam- 
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mpyi {Eleplim prim^^enhm} ajjd luai^tndon {Mammut ametic^mum) 
and nuineitiii^ other animal remainy^ satrch as the bison and prehi^oric 
hprEO^ Iii the spring there were alsfj found numcroufi impletnenU 
of flint, mainly arrowheads. This uainrally was interpreted as 
nn instance of actual assodatmn of mankind and the elcplianis^ hut 
careful mve^tigation proved that the elephant remains far mitednted 
the human relic$t and that the latter were votive offerings cai=i Into 
the Bpriug by rcoent Indians as a ftacrifiw lo the spirit ix-nupantf 
the bono!? iwing venerated os those of their anccbiors (Holmes). 
Another inslauccj not of the a^^iation of the niammuth ivitli tnan- 
kind^ but of the mastodon, hi prolmbly authentic. This wtm in Attioij 
Kew York^ and U reported by Pj:t>f. J, IL Clarke, Pour feet below^ 



the surface of the ground^ in a black muck, he found the bones of the 
mastodon^ and V2 inches beloiflr thta, in iindistuHx'd clay, pieces of 
pottery and 30 fragn^ents of charcoal (Wright). The remains of the 
mastodons and manmioths are very abunduiit in placeSj the Oklahoma 
spring aii^ady montioiied producing 100 mastodon and 90 mammoth 
teeth, ivhile the famous Big Bone Lick in Xentnek}’ has pixHluced 
the remains of an et|nal number of fossil mastodons and elephants, 
Indian tradition points but vaguely to the pniboscidians, and one 
<^n not be sure that they are the creatures refern-d to, yet it would 
st^nge If wiii^h keen observers of nature as the American aborigines 
^hoiild not have some tales of the mamnioth and mastodon if their 
forefathers had seen them alive. One tradition of the Shawnee 
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Indiana tseems to aUude to the ma^odun, espe<'ially as its teeth led the 
cftrlier observejrs to supjjose that it was n deVouivr of (lesh. Albert 
Kodi. in a small painplilet on llie Jilissourium {mastodon) disoprercd 
by him in Osage County, Missouri, uiid publidied in 1S43, gires the 
tradition aw follows: 

Ten thoneanfl in wain njfo^ wtcu noOitiiif tiojt sU^orny forestP corcreO tbln btnl 
of tile si will nj: wtin—Inus the fjiile mnu, wIlU thlimler nnil fire nt iUmrotn- 

nmnO, ruNU«l on the wlinra of the wind to tfitu tUla parJoc of imlor^i—n rneo 
of nnlnuls were In betnp, hngo aa tlie fnjwnlnK preelrlce, cruel ns tUe 
imathcri awlft ns the enj^le, nui] terrllsTo na the of nlRlit, Tbe 

fslne enjBlied beneath their fet-^t tilid the triken Fhmnk wheu they skikod their 
thirst: the forceful ^uvolLii Iti rain wne hnrleil, and ibe hii\rbv4 arrows fell 
hfiinile^ly froiLi thoir slilett Port*«l» wci-e hitd wnm^ at a nieii3 nml Tillages 
LiiluibUed by man wpfe deatroyetl In n moQumb Tlio cry of nnlTerFnl distress 
renelied eTee to the regions of peace In flie West i wlicsi the flood ^iiErLt lut^ 
Tenetl to an To tht* utiluLiipy; ]iia forked I lightnings ^feiiu.ied alt uroumL. ^I'hile the 
loudt.«t thunder rwked the aMw; the holts of ltc 4 Ten were liurleil on the cruel 
dnstrojem nl^nie, wnil the DiDimtalns echoetl wish the benowiugtf of dcsifh: all 
were klllf^l eircjit one niale, the flempst uf the nice, and him OTen the arrlllery 
of the lakfcH uEisnIlcd In vaiuj he nniiints the bluoit summtt tlint shndea the 
noniccsof the MnnauKsh^rla, aud, ruorfeg rtloudn bids slt^hanco to orery veiigt^oEiee; 
the llihtniu^ ttml seorched the lofty flr and rlv*‘d the knotly oak glanced 
only on this eumgfal moujner, till at Jen^h, nsnddened with fury, ho leaps oret 
the \i^vos of tlio Wc«t, and there reigns an iitkL'tmtrrklhHl nkunarch In the wilder¬ 
ness, In P(>Tte of OmnipotoEiee. 


Pabt it. 

TtrR flAKkY ™>B 05 }MUbrAN«. 

Tlio onrlic^^t known gotnia of prolioscidian^i h Mwrttherium^ a siim!!, 
tapirdika form, from the ^Middle Qasr^ol-Sagba beds of thi'! 

Fay uni in Egj'pt. This creu- 
tun^ was probably n dweller in 
sw^amps^ Ihing upon the sue^ 
culenl, seminqiiatir herlmge of 
that time. Tt Iioh little that 
fiiiggests the clephtmts of later 
days and, were it not for traib 
sitionnl forrns, w'ould hardly 
he recognized os a proboscitl- 
ion at alL TTowever, one wn 
see the beginnings of distine- 
tivdy elephantine features. The hinder part of the eranlmn Ls al¬ 
ready beginning to develop the air cells or diplue, the nosiril opening 
and iia.sal Iwnes are commencing to recede, indicating the presence of 
a preheiLsile upper lip, and the r0<lud:ion of the teeth has begun, the 
oeeond pair of incisors in each jaw being already developed as tu^ka. 



656 ANXUAi EEPOaT SBllTIfSOKUN INSTITUTION, 1008. 


Tliciiie of tht upper jaw were dagger-like and downward)v pnijertitig, 
ii’hile the hover ones were diiwted forwarti* their eEjnii>ifietl npjHii- 
isurface forming a continuation of the spout-like niiion or symphysis 
of the jaws. ITie molar teodi. ti4 in number^ bore 
on the crown four low tubercles partially uni tod 
into two transverse crests. The neck was of siilTt- 
dent lengtli to enable the animal readily to reach 
the ground^ though the preheniiile lip must have 
been used for fowI-giiLheriiig, Our knowledge of 
the creature’s bodily form i» imperfect^ as a com¬ 
plete skeleton bos not Ijeeii found. Jl/<prr/Aerit™ tpea^tml about 
34 feet in height, nnd existed up into the Upper Eocene as a contem¬ 
porary of Pala'Ommiodofh^ doubtless owing to a continuation of thoso 
favorable conditiona under which it lived. 



Fta. 11 .—Tm^Ui of 
HimlrAiffiiM IJ. 


P/tl^^ma^todo^n of the Upper E.of:en 0 was more clephant-like than 
its predecessor, Mdf^nihertum, and of larger size, while its limbs were 
nnich like Uiose of more modem types. The skull has increnisjd 
materially in height, 
with a consiiderable de¬ 
velopment of flir cells 
in liie bulled. The ^imall 
nasals with the nai^l 
openings bad receded so 
that they lay just in 
front of the orbiUs milch 
as in the tapir of tC3"da>> 

This would imply the 
devolopmont of □ nhorl 
extensile probossciiSj es- of ix Mi 

scntially lihe that of the 

modern elephant except for si see. The upper and lower canines and 
incisors have entirely di)^ppi'ared|, except the secoml paid of inebors 
in each jaw^ which have liecoinc wclI-dcvcloped tusks* Those of the 
upper jaw are large^ downwardly ctirvcfl, and 
with n bfinil of enamel on the outer face. The 
lower ]aw has elongated considerably, especially 
at the syniphyifls, and the lower tusks |>oint 
dirtxily foTw arrl as in MiBritheriam* The pro^ 
boscig possibly did not extend beyond the lower 
picL la.—T&otii ef tusks while at rcat, though it could prot>nblv 

I^IMMlllr4Mlwl IX A). I ±1^4 1 ™ \ I 

be extended beyond them. The pnmiolar teeth 
have two while the molars have three tmnsvers® crests composed of 
distinct tubercles, and the -cingulnni of the hindermost tooth shows 
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n sctpotig tendency to form yet another crest. Tliere were 
altogether. The neck is still fairly Jong, though the Iiimler neck 
rertebne are to shorten* 

Piihi'imiii^todon is cotihnee] to the Upper EooenCt anil has thus far 
been found only in the l*Xvum region. 

lajisairrcArioji or tiik tATEa raoDOSCiDEA. 

IVc know fls yet no OHgocene proboscidians^ the ne^d: forms fielng 
found in the lower Afiocene of northern Africa and Eiiropt% ^ that 
a cojisdderublc break occurs in the continuity of our s^eriesK It is 
eyident that the Hue was still Afrion in distributiou, for apparently 
the exodus from EgJ'pl^ "fl^d not occur before Miocene timets. 

The nuistodona liavo been divided iu two ways, one depending upon 
the nuniher of ridgea borne upon the grinders* while the other el aeri¬ 
fication is based ii(>on the nlimber and character of the tusks. Tbo 
latter seems the more logical from a derelopniental riewpoint. The 
first of these g-eiiera is Ti^trnhi'^hilon^ with four enameUbandod ttuks- 
The second js Dihel<>do9if Itaving but two tusks which still retain the 
band of enaineL The last geniLS Ih AftifiiTittitf with eiuimcless upper 
tusks ill the adult, though oiiO or tw^o may also be present in the 
adolescent lower jaw. The latter are sometime^ retained throughout 
life. 

Tetral^i'lodffii^ 

Tlie third recorded stagt* in the erolution of the elephants is repre^ 
sented by the Miocene Teirahelmtm an^^lidensyof which a splendid 
specimen from Ciers^ France, 
is pres^erved in the museum 
of the Jardin dKi Plantes at 
Paris It was an animal of 
considerable sizCj nearly aa 
large m the Indian elephant, 
hut differing markedly from 
the latter in the peculiar 
character of the lower jaw, 
which was enormously long 
at the symphysis and con-^ 
tallied a pair of relatively iihort LiisksL This form rejirc^^nt^ tlm 
culmination of the jow elongation, for in its succe^«crt:^ the sym- 
ph3^ais Ls rapidly ^ortcurd and the inferior tusks finaily disap- 
pcan The up|?er tusks in T^irfiietodQn were long^T than those of 
the lower jaw, but did not estend miich beyond the latter. The tusks 
had an enauicl band upon the outer and lower fai^ and were slightly 
curved downw^ard. The nasal orifice had receded farther to the rear, 
indicating a still greater development of the trunk than in Pal^o- 
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7n{iittodo^^ The pmWscisf s^tiU supported from licneath by the rigid 
irtwer juws, could ouly be miscHl and moved from side to sidc^ The 
neck is now quite sliort^ so mucji so Ouit wore it mH for the proboscis 
and tusks this oreutum cciiitd not reacLi the ground. JkiLh npjH^r and 
lower tusks ^ow signs of wear which t-oiil J only be caused by dig¬ 
ging, tiiose on one side being often mucti mon^ w^orn than on the other. 

Tho teeth have increased in dm to such an cstent that but two 
iidult grinders at a time can l>e contained in each half of tho jaws. 

Tt^f.raht'I&dm was u widely spread^ mi¬ 
gratory form, far we (iiid species refer¬ 
able to this genus not only in Europe but 
in Africa, and in Xorth America. 

In Eurasia it gave rise to Afammuf 
through tlie losi^ of the lower Lusks and 
na. la.—Tootis of ihnuinpl hand, while in America Lliore 

arose I^$oeumon^ which re lamed the 
enamel band and which was the first praboscidian lo reach Soulli 
Atuerica after the formation of the Central American land connec¬ 
tion either late in the J^lioecne or in the early Pliocene^ 

The genus Dihelodon Ls known priuci[>ally from the jaws, teeth, 
and tusks, though tw^o splendid skulls of D* midinm lire pres^rviKl in 
the Museo Nacional in Buenos Aires. The upper tusk^ are well 
developed, diaplnying an elongated spintl form, with o well-devel- 



opeti enamel band, but the lower jaw* is quite short, though the 
symphysis is longer and more trough-liko than in the genera J/ffm- 
and ^Iepha§^ Tlie lower tu^ks have entirely disappeared, and 
with the slxorteniiig of tlie jaw the trunk must have become pendant, 
ns in the modern elephants. 

The genus Dib^Iodon contains several species, among which are 
Dihelodm AcmWdfi (Cuvier), J3.(Lcidy),A 

{CotM!), and ZJ. atulitim (Cuvier). Of these Mbdodon hufiiboldii 
and D. aiidium ranged Into South ^Unerica and were, in fact, almost 
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tlio only proboscidians to cro^ Into lUc southom hemisphere of the 
New ’^Vorld. Some of these animals lived in the Iii^ Andes at an 
elevation of 12:^350 feet aliove the level of the ^ at ji lime when the 
region Imd a greater rainfall tlioji now aiid thereforo a riclior xege- 
tat ion» 

Alfammnt. 

This genus readies its cuhnincition in the American mostcaluri* a 
creature of gixnU hiilk^ though about the height of the Indian ek- 
jihant. It W 11 S+ however, 
much more robusrl, a fea¬ 
ture csiH^hally noticeable 
ill the immense breadth of 
Uie pelvis nnd the massivi^- 
of the limb bones. 

The feet were more spread¬ 
ing than ill the true ele¬ 
phants. whidi^ together 
witii the cliunicler of the teeth and the conditions under wliidi the re- 
tuiiins are founds poink to ililferent habits of life from those of the 
tntirndiDlliT the masto<h>ns being more disiinctiveli' foreHt-dwelUiig 
types, Thv skull differs: from that of the true elephnutij in its lower, 
more pimiitive contour, fur while there Is a large devdopnient of iiir 
cells ill the cranial walls llio brain cavity is ndatively lorger^ The 
tusks are we;lbdevelo|>ed, powerful weapons, not so sharply curved 
as in the elephantg, though in thb respect indi^idunb vary. The 

tiis=ks- aro very heavy at the Ijase 
and taper rapidly, curving inward 
lit the tips. In the lower jnw the 
tusks lire vestigial, bejiig apparently 
present only in I ho nialcH Usually 
they are soon died, and the sockets 
may entirely disapjicar, as in the 
Otisville mastodon at Yule, whereas 
the Warren mastodon now in tJie 
Atnerif^on Museum, a fully adnlt Enimal, retained the left lower lusk. 
which is about 11 indies in length- The socket of the right tusk 
is also still distincL 

The grinding teeth were of large sbi\ two in each half of either 
jaw, as in the but the cresLs are simpler with but few 

accessory cusps. The crown of the tooth is covenjd with thick enamel, 
which hi turn is overlain by a tldn layer of cement before it cuts the 
glim. This is mon removed by we&r. These teeth are admirably 
adapted for crushing succulent herbage such as leaves and tender 
twigs and shoots^ but not for grinding the siliceous gras^ which 
foruj II necessary part of the food of the true elephnuts. Broken 
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pieces of bninclies i^arviiig fmm siciicler twigs to bi^ughs holf nti inch 
long” have been foiiiitl withm the rib^ of u m&^lodoii together with 
*' more finel3'' cUuntied vegetuble niuttec, like eoirtTiiinTited twigs to the 
iimouiit of four to bushoLv^’ ^ Twigs of tiic exiting conifer 

were identitied in tJie stotimch ttf the New .Tetley muKto- 
doll, while ihut of Newdiiirg, New' York, ctuituhied the lurngli^ of t^onie 
conifer, spruce or fir, nlso other not coniferotis, decoiiiptisett Wi>t>J. A 
newspaper aecoont of the finding of the greiit OtisviUe mustodDn, 
recently mounted at Yiile, thnt the region of the ^tonmeh con¬ 
tained fresh-looking, very large leiivta+n, of rwid fonn, and blades of 
strange grass of crstrenie length and 1 inch to cl inches in width. 

THOK EEEPllA^'Ttt., 

In order to trace the evolution of die true elepluintH we must go 
biiek once more to Uie Upper Miocene of ^uthciTi ln<l]a to the form 
known as Afnmmut tatiden^. This crenture gave rise to a ^[jecieii 
variously know ii as or SU^odm^ for its 

transitional character Ls such tliat autjiorities diiler aa to whether It 
is a mastodon or an elephants 

Steffofiart, 

In tiie molar teeth have more iiumerDiis ridges than in 

the Iruc mastodons, and the name is given been use of the 

roof-like Hiaraeter of these ridges, the summitJj of w Inch are sub¬ 
divided into five or six small* rounded jmuninenees. There is i\ thin 
layer of cement over the enamel in an unworn tooth, but no great 
accinntilatloii in tJie iuterveniiig valleys jis in tlie eteplianis. These 
teeth show how slight the transition is, however, merely' a filling of 
eeinent to hind the crests together and the elephant tooth is formed. 

Slegodofi embniees at least three species, die home of which wan 
cent ml and sou them Tudia* though two of them ranged en^l ns5 for as 
dapiint then united to the Asiatic continent. Si^godoji iFimgnh lived 
Into Plictcene times. True eleplumt^, deriv<M:l from tlic Stegodont^ 
existed in India, their rcninins being found in the Siw'alik hilla. 

During Pliocene limes there existcil in Eiiro|>e two iinnicnise: ele¬ 
phants, known as f^^rpha^ and £*. each of whicrh 

liiij^rwl on into the cmiling climate of the Pleistocene. The formort 
w hile ranging a^ fur north ag England, was more southerly In giuicraS 
distribution and of a si»o which has prahahly never been exceeded 
except possihlj'' by hU^pka# of North America. A mounted 

specimen of Ekpkm hi the Natural llbtorv lliiseum of 

the Jardin des Phiides ai Paris, France, inrasnres 13 and 1 inch 
at the shoulder, and probably e.veeedcd tliis in the flcsfi. The tusks 
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are maasive, but do not reach the CAtrenio of development of Uie Jaler 
iiiaauQothK, while the teeth have rather coarse lantellie. 



EUpkas iuitigum stands midway in character between the iVfrican 
and Indian elephants of to-day. The tuiiks were nearly straight, and 
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ihe erratum wus uLfo of size. It is first found in the Lower 
Pkistocone (Fomt B^n) of Norfolk, En^Jond. In the Tliames Val¬ 
ley tlepo§iits it w'as coiitenitK>riiiieotia wiih early maD| and for a whiU: 
wiili Ei^phas tbo hairy nintiimoth, E. was 

eii^idiiilly an aniinaJ of warm dimate^ 
giving way to the mammoth when the 
arctic conditioiif; of the glacial perioci 
aro^. 

In North America, during the cooling 
to wld elimatic conditions of rieLHiofeiie 
time, there were tliret- HL>ec.ies of 
nf which the most fjrijmtjve in point of 
tooth l^tructtl^c was the great imperial elephant E. imperutor^ a mi¬ 
grant from the Eurasian contJueritH This spiKiics appeartnl in the 
Lower Pleistocene (Eqnue or Sheridan ik^iLs) iimL while it rangciJ 
from Ohio to CidiforniiL^ wjis iiiore aonthem in distribution, ningtng 
as fur as Alex ice anti pntssibly 
into Frenclt (iiiiana^ In this 
s|iecie!H the grioilijig tedh wei*e 
of pnonoous with very 

lamella* and the outer 
covering nf t'ement e^:- 

iretiioly thick, 

Elephas Impemior was of 
great sire, ISJ feet in lidgiit at 
iht* shoulderj and the hiigCj 
h'pirnl tusks iiieasiired feet 
iilong the curve by 22 inches m eircuni for cure. One tusk in the city 
of Slexico is said to lie ICii feet in length 1 
Ei*\phwi rolambit the Columbian mammoth, is thought by i^ime 
authorities to Iw but a variety of A\ primii/ehiuSr the teeth l.M*jiig tron- 

si Lion III in the character of the la- 
mdlii! U^tween the latter and E. ini- 
fwrfitot. Tn fact, they greatly re¬ 
semble tho^ of the modern Indian 
elephant. E, cotumbi wiis early and 
middle PleisttK'ene in dis^tribiitloi^ 
more southern in range than E. 

though the two in¬ 
habited a broad frontier belt along 
the northern United States. E, co- 
Jumb* reaches the ina^mtim of evolutiori in the shortening and heiglit- 
etiingof the skull. The tuiiks in a mounted specimen in the Amcricam 
Museum of Xatural History an: so huge tlmt their tips ttctimlly eiirvo 
)Hc; Ward ftud cro<£j> cacLi other. They Uavo completely lost their 
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original digging function^ &nd their use as weapons inui^t have bt^en 
mijoli ini paired, seem to reprt^iit an instance of a certain 

acquired nionienliiin of evolution caiT3-ing diem post tlie stage of 
greatest usefulness to iieoimc an actual detriment to their owner. 
Tills may have been an inqKsrtant 
factor for extinction. 


i^kphuH //rim fits. 


FKL 23 ^~T*<na i>t primiiitn{ut 
IX <iri?r Unnh. 


The ninmmotli was not among tlic 
largest of elepliants. being but little 
in excess of EkpAtts ttaiku^ in hojghlt 
hut wdth relalivelY huge tiieks exceed¬ 
ing. in some instances, n length of over 
11 feel mcasurtil along the Outer curve, 
llie teeili have tiiD most numerous and 
finest IamcIliL% ariLl in this rafiiect^ as well m m the development 
of liair^ this ei*ef*lurc sIicniH the grentcft degree of s{jef-iali^iion as 
comjmred wiUi the tusks anil Hkull hi the Columbian Bjjecieii- It h 
curious to note^ hcrtvever^ tliat iti three >vayfi one can trace tlie in- 
encasing iinetie^ in die laiiiellje of the molars corrcsjioiiding to the 
three modes of tlistrihEiiion—latitude, altitude^ and time—for the 
more ancient individmils, living the farthest south amj aenrest the 
sea level, have teeth very nmcli like those of cfjtufubi. Tlio increas¬ 
ing fineness of lamellie 
is correlatcfl with im-rea^ 
ing cold and ii consequent 
change in the chai^rtcr 
of food ptaiit^ as the 
Idijit of the muni moths fetl 
upon harsh graces and 
the needles and cones of 
the fir andotlierconifers, 
mingled ivitJi nio^ The 
haiiy coat, another ailap- 
tatiou to extreme eold, 
WPS of tlirw sorts, an in¬ 
ner coat of reddish wool, next a longer^ faivtt colored coat, ontsido 
of which tven.^ black bristles, especially on certain parts of tlie 
body, as the neck, back, and chest. It is interating to note that in 
the Indian elephant^ the nearest living iilly of the mammoth^ there is, 
at birlli, n complete coat of rothor long hidv. which k shed m a few 
weeks, except tliat in the mountain region of tlio Malay jnfninsiik elc- 
phimts nre reported to W persistently hairy, Jhk ixjints to an 
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nnceslral bairy condition ataristlcally deTclopcd in later types when 
iii^-eii»itiited by cold A similar development is seen in the Manchu¬ 
rian tiger, in form rtiid niarking>i precisely like its tropical ratnsin, the 
sleek Bengal tiger, but with u long, tliick fur which defies Utc cold 
of ti climate ns severe as that of Xew England, 

The hairy man:moth was circiimptilar in dLstribnlion, ranging from 
Europe across the north of Asia as far as TO” north latitude to the 
easteni part of the United States, its southern limit overlapping the 
northern range of EU^haa 


modern lU.t'PHAN'Trt, 




ITje African eleplianU are the more primitive in the character of 
the teeth with their broad h^zenge-shaped lamella*, iinlcss, us baa 
recently Imui suggested, they are in this resijccl degenerate. Tho 
African forms inchidetl by some iiuthorities tinder the genu*- Lttsto- 

donta have i'cccntl3' been divided into 
four spcciesf. Thej' an* disthigiiishcd 
from their cousina of India by the 
fontoiir of the bead, the greater aizaf of 
the ears, greater development of tho 
tiisks, and the jjresencc of Iwo figuTO- 
like processes at tho tip of the pro- 
IkiscU instead of hut one. African 
elephants reach a greater size than do 
those of India, altuining a height of 
1*2 to 16 feet at the siioultiers and a 
weight of over 7 tons. 

The Indian elephant includes htit 

1^10. 2a.^rBir of titonottirtuni; one species, iST./ntficaa, of which tUen* 

■itrr kbup- however, several well-marked 

castes or breeds, varying greatly in commercial value. In size iho 
Indian elephant rarely reaches 11 feet, averaging about U for the 
males. The high, convex forehead gives the Indian elephant a aome- 
wliat nobler, more iutelJcctuul cast of countenance than its African 
cousin, but this character is due solely to the greater development of 
the air cells m the skull. 


Diaothcrium. 

In the Mincenc of Etiropc, thotigh ranging up into tho PlttK'ene 
nf Asiu, is n enrions aberrant ty’pe, evidently a proboscidian though 
formerly classed with the Sirenia, Tliis form ts Dinothtnwniy and 
nuist have liven derived from some very early genus, certainly not 
taler than Pulwontaaiodon. The teeth differ from those of the ele- 
phantu ill their greater number and in their mode of succession, being 
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more like those of other maiumuis. The grinding teeth arcj extremely 
simple, the preniokrs Iniving A while the inolurs hjive but 2 
cross crests ivilli open, uncemented vnlleyB. Tiiska an? iippnrently 
confined to the lower jaw. no tmre of npiwr tiislss having t>een seen 
in tho only known skull, now unfortimatply lost. Those of the lower 
jaw were large and, together with the clojignted sy'inphysis, Iwiit 
iibniptly downward, the tips helrig actuully ren'urved. llif Hkeletou, 
so far as known, indicates a huge eiepliant-like body imd limbs and 
the impression is that the creature must have been seTTiip<pintic, fre¬ 
quenting the beds of streams and living upon the succulent herbage 
which it rooted up by means of its tiiski The contour of the skull k 
ill known, so that, with the exception of the lower jaw, restorations 
of the head are largely conjectural. Dinofh^nHm died out in tho 
Pliocene, leaving no descendants. 

Pajtt III. 

MKIBATIONS or THE t'HTaiOHClDEA. 

In studying the diajsersal of a grotip of terrestrial verteliratcs otic 
has to consider not alone tlic probitliility of land hridgea over which 
the wondering hoixles might pass, but. on the olhn- hand, the existenca 
of barriers to migration otlicr tliun the idiren<» of thest? bridges. 

Tlie possible barriers are climatic, tojjugniphic, and vegetative. 
Of theso the climatic ha.s been given weight, but In the cast of the 
proboscidians the direct action of temperature is relatively imiiu* 
port ant, though tlie presence of moisture is a prime necessity, 

Tlic African elephant formerly ranged from t’a|>c of Good lioix! 
into Spain, while primigemu^ enjoyed an e%*cn gix^nter range 

in latitude nnd consequent temperature. The African species hns"a 
verticil] distribiitinii from sea level to a height of 1S.(>0CI feet in the 
Kilimanjaro region, which hIso gives a great range of climatic varia¬ 
tion. Aridity, however, is a most eJficipnl barrier, not ntily from its 
effect upon the food supjdy, but liecaiisc water is a prinie necessity 
to elephantine comfort. The Sahara to-day marks the northernmost 
limit of tho Africnii species, the former distribution to llie north 
Iwiug by way of the Xile Valley or possibly to the westward of the 
Great Desert 

^^ioutitRin ranges on the wliole do not tmjicdc elephant niigTation, 
except of course such mighty uplifts iis tJic Ilbmiluyas. The height 
to which the elephant wanders in the Kilinuinjare bus already liecii 
mentioned, tvhile Hannibal took a mimber of African elephants 
ncrosM the Little St. Bernard pass, which has an altitude of 7,176 
feet, in his invasion of Italy in 218 B. t’. The Pyrenees, however, 
seem to have prcrenteil the numerous clcphanLH of France from in- 
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vuding thp adipccnt Spanish peninsuln, as the few specie nf fosil 
plrphoDts fouiHl therein seem aimostt without exception to have en¬ 
tered from Africa by way of Gihrultnr. iTie great ranges of moun¬ 
tains in the new world may have kifliienoeil somewhat the trend of 
niigtiition, but were erosseti by the probopcidians at will. 

\>getBti<Jii does constitute a most effective burrler, especially in 
the fiisc of the tropical jungle of Central Anit?rh?u. Unriiig tho 
Pliocene, ns we shall see, after the land hridge was iMtablished, inter- 
commuriiculioti between the two Americas wuis very fn.'c. In the 
Pleistocene, however, this migration nf large qnadriipeds gradually 
ceased, so that in spite of the giTat atiuii.dflnee of uiammotlis and 
Tiinsloflons in Sorth Americfi none attained a foothold south of the 
Mexican Plateau. To-day the jungle is nhsohitely irntwnetreWc for 
itll of the larger luummah! except such as may lie at least partiolly 
arboreal in habits. 

Tlie mignitions were forced, not voluntary, for it would appear 
that the iniglity elcvationt of Asia licgliuibig in late Miocene times 
and the consequciil alternations of moi^t luiil arid cliumtcs, with a 
strong tcodenty toward the InUer, has cfliLsed these great animals to 
disperse theina^lvcs from the rising high lands of central Asiu into 
the more stable lowlands. In these forced wanderings the land 
bridge U'tween Asia and Ala-ska was again and again discovered and 
crossed by the migrating hordes. 

Tlie first appearance of the proboscidians ia in the Middle Eocciia 
iH'd.s of I he Egy ptian Fayum district. Tlicre we find in 
ri«m, the most primitive type, the forenmner of the race. Of the 
extent of the gcographintl range nf o^rUhcrinTu and of its siiccc^or, 
we know nothing fiinher than that they have only 
Iweii found within the Faytim. 

During the Oligocene the proboscidians seemingly remained in 
Africa, though of this we hove no rccoi'd. Early iliocene defwlts 
of Mogare. w'hi<di lies northwest of the FayOin some five days’jour¬ 
ney, aliout 75 nitles, give us the remains of Ti-trabel&doA 
the next known type in the evolutionary jscries. From Tunis again 
this species is reported, Iwing what Prufesisor Deperdt eaUs the an- 
cc-stral (ascending muintion) race of T. angutihltna^ Tills 

rare Ls also rcixirted from the tuiud.s of Orleans and from tho llurdi- 
galieime nf .Vg Ipti Itnly). Thiss it seems us thoiigli Tetrtihf:- 

the form with tho ma^imuin doTolopruetit of 
physis* were the out to ninkc the esodiis from Afrirn* not as the ehil- 
dren of Israel ditl, by wuy of the northenst^ Init by the loncl brulgo 
conneetinf^ Tunis with Sicily nmi the latter with Itah^ end thence by 
wnv of Greece to Europe ftnd Asia, 
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Alamr/iut aviericauum phylum. 

[Sr<^ churl l.J 

Tetraielcdon anymtid^itjt did mi gp ntipccpmpankd^ for a1loth^?^ 
type, Telraheijod^n fttrkentfij* found in tlio IjOwer 

Mif>cenP of Algifrifij iiiu^it Jijivp tniveliid into by iha-. rontP 

and about thi;! ^sdUiif? In 7^+ ttiricetimn tlie grindet^ are simple in 

clmrucLer^ as tliongli it bad already In^ipin to dlSer in fecnKrig 
ludntiS from its contemponiryL in whidi the teeth are lomparatively 
complex. Ttulivbdod&n iunctni^k ppread during tlie ^!ioc.-eiie over 
Em nee, Geniiany. Austria-HungarVi, Uu^i-sia^ and as fur as soiuU- 
eastern Siberia. The micce.wir of Teiruhi^Iodottr turki nffl^ was Mtim- 
mut bononif covering min^b thu geographical area as its fore- 
Iwar^ \mi\g fonnid a^ far Flngliiml to tlie norih tind Russia^ along 
the northern eoitst of iIjo Black to the east* Gecdogically it 
ranges from Lower to Upper Pljoeene* Jf. bormni merges into 
iffsmmui iimtrkuTium^ the great American rnastodoiu whidt outlived 
the mamnioth In the neev world* Some tfrth found in southeastern 
Kii.^hi have Ijcefi referred to the Ajiieriraii lype l^y i^Iudanie Ravlow, 
ivho T-vas ix^rfectly familiar with d/* bora&nL However that may h^f 
tlie migration of this race was without !ilniil>t across Sil>erja^ the 
Behring isthmiis and into the now worki from the northweet. The 
Anieriean maj?tadon s remains have lM?en foiind ftuiii Alaska to Culi- 
foriiin^ east to Prioee Edwards Islnud,, and from Hudson Bay to 
Florida on the east eoast* while Le Conte re|M>rL^ a specimen froni 
Tamblftt HondiiniSj, alMint 15* north latitude^ the neai'est recorded 
approach to South Aiiierica* 

Tetrabelmlc^n^ Dtb^ilodm pkylnm; TetrubdiKhn^ EUphifff pht/htm. 

[Sc« chnrt 24 

Reverting once more to retraidod^n unymtUlrfiA^ we find in it the 
possible ancestor of all of ihe later proboscidiiin^. with the except inn 
of the very aberrant and the Americiin iniistoihm phylum. 

Tdmbeiod&n anymtidem was a great migmnt, covering tnc>st of 
Europe with the exception of Spain and England. Its dcscendaiits 
diverged along several lines of specialisjation, as along varied lines of 
traveh at least one representative readiing North Amerii'a in the 
]!^Iit]dle ilioccne {Dee]> River la^ds), jja^ssihly l>cfnn? (Virgin Valley 
of Oregon^ Merriam)^'* The earliest Korth AmiTican fornij 7'cin^- 
pr&ductii^j resembled its Eiiro[>eati protutype very closely 
and gave rise to a mnarkahle group of four-tusked niastmlon-s which 
ranged from Xebraaka to Floridan From ^omc of the later species 
arose the Pibdodm race with npjier, enarueMiaiidcd tusks, but laek- 

“A stltl earlier tjpe. (-Ttfrahelodan) rrmodoii C«ik, hum Jnst 

Urea described trotti the lower Mtoceao (ujaier Hairtsoa) of wwtenj 

X^raBka. 
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iiig those of iJie lower This genua is reporteri from the Pliocene 
(Blanco) of Te^LAs uruj ^Me^ico And ninges as far south as Buenos 
Aires in the sioiiihem heiniaphere« Two 8oiitli American species are 
known to uSj one andiuin, following the ichaia of I he Andes far 
souih AS Chile. This ty|^ ia ufteu found at great altitiules^ n speci¬ 
men ficjn tlio Quito in Ecinidott now in the Yulo crtdlectinn, 

luiv'tiig iK^n foiiml feet iiIhjvc^ liie level of thr sea. 

Dikelodan AHmboMii was^ a dweller on the plaim^ Ijeing found in 
the pampas foriiiation near Bueuus AireSj while IJarw'in rt^.-orefe it 
rdciiig the Imnks of the Parana Kiver in jArgentina* suid WallAce 
reports the saline s|>ecies among other remuins in a limcstoiic cavei'ji 
near the head waters of the Sun Francisco River in southtTn Brazil. 
/J. like />. andhimy has iu origin in the Texasi Pliocene^ 

the line of migrations nearly pandleluigi, the one along the tropical 
[jlain^s, tlie other along the Andine (jluleau far soulh as northern 
C?hile^ With the exception of a lone specimen of Kh^pkojf reported 
from I'-^reneh (iniatiii ami tlie mustuclon of Hondurnf^r is 

the only {irolwscidian of the Keotropical realm. The luignitinn tsf 
these great forms occurred in the late Pliocenes some reason, 

e\udenily elimutio and Tegetative, the route has been cliwetl ever since. 
Otherwise it is reasonable to suppose that the plephniits and nio.sto- 
dons of the Pleistocene Avoidd hove spread into South Ajiicrjca ns 
welL 

In Europe TatralM^lodon anffnafid^nif had suciN^irs in T. 

and the latter ranging over vi'eyterii Euroisj lulo 

EnglaiuL II did not, however, eru^ ihe Pyrenees into Spain. 1\ 
/oiif/iW#^rw iiiHd a late iniitHtion of T, {iHffimtldeniiy jtfditiudicin^y tiiade 
the long journey to the Orii-nt, transferring the evolution from 
Europe to India. Tlie jiath of this migration is as jet imknoAvn, us 
little or no paLeontologien! exploration has lieen made in the region 
lying iH^tween Armenia on llio wefjt* neroiss Persia, Afglinnistan^ nud 
Beluchistan to the Indus River* This oriental migration must htive 
occurred during the Upper Miotxjneand was followed by a rehiLiveh* 
rapid evolution involving a number of species of mastodons iiiid ele¬ 
phants. Tftniht'lodou lon^h'Oit^U seems to tinve given rise to J/rtm- 
cautlej^i Aviih a sliortetied lower jaw, thence through .1/, 
to Sicff^doik ctiftiy the transitionul forui lietw'iH,^ the mastodons and 
the elephants* cZ/f/j was follcnved in succession bv j?/r^or/soi bmn^ 
bifroits and and hnally by the getius I^fphiis itself^ 

ElrpAiiit proved to be a grextt migrant, although the stegiHlorit species 
had spread from their original homes in the sid>-IIimalayan region 
eastwani through Butina, Chinn, nod Jiipau^ and perhaps ns far as 


■Tbiw tncUnn fi:.nn:ft pmhabir wtlU tlie Aimjrlvnn ujAHlodoa In Larloff 

m an iUITet^iit jiliyluui, Um^si inW iHMir tlw rtojne gi^iierk' njuue 
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Jiivfl, Inter travded in directions^ westward bock to 

Eurojx? and Africa, und ca^tuard, tliou^uids of miles, into the United 
States 

FxVidciice ^ecnoi to point to an biter^thi;^ pnmltdisni in evointioii 
lictwetm the? Amcrictm elephants and those of Etimpe, though they 
were nndoubledlv derived frorii n iiominrin an<!««rtry. 

TtlE TIlOE 

[Sh chBirl IL) 

Disregarding for the present the hairy tnurmncith, primdffenhis^ 
i-vvo notable type.^ are found in Enrojie during Pliocene and Pleisio- 
eeiuf tin lea. Of the more ancient is Eleplant irieridwnatlaj 

probably" derived from of India and iintlotibtedl3'^ 

tlie migi-atory species over the Persia-Asia Minor route which the 
remote ancT-stara triiveletl in their journey to the East, 

Elcphit^ meridhnali^ ranges from the Red Crag (Upper Pliocene) 
to llie Lower Pleistocene Forest Beds and from England on the north 
to AlgiTia on the souths though never gaining a pormaiLent fcajitliold 
in Africa. is siicceecled bj E. a grt^at form 

with straight tnsdrs, whot^e genlogical rtiiigc 13 froni the Forest Beds 
tn the Upjicr PleiwKicene. E. is found in Efigland, central 

Europe, as far ea??t as the region lying north of the Black Sen. fn a 
eoiithcrly direction one can trace the course of migration through 
Italy, Malta, Sicily, north Africa, and across the present Htrait of 
(lihraltLir to s^iiithern Spain^ where si>ectniGiis have been found at 
Kuropa Point and at Seville. Evidently the l^Teiiees proved too 
great a barrier for a direct migration into Spain, though the invasion 
wa 3 accomplished through this ciixudtoiiH route, lu the islands of 
Sicily and Malta are found relics cif this southern march of E. 
(luHquujfy not only remains of the noftnal apeeieSj but of iln curiously 
dwarfed deseendimtHi, Etepfum mnaiilrii'imtA^ E. ami 

E^ fataon^ri^ the laM only 6 feet high. These types developed 
through degeneracy after the migration had passed and the line of 
coinmxinicetion was cut off, leaving Sicily and ^lalta as small islands. 
Tlie limited area, scanty food^ and general hard conditions were 
respont^ible for the dwarfing, preebejy as the Shetland ponies have 
lost tlic original stature of caJmHujs, In the Maltese elepliants 

the diminution in brings the animal bel&w the stature of the 
anoesiral ^^€^rith''nnm^ thuugli in no other way is it an atavistic 
type. Dwarf forms are also found in Crete and Cyprus- 

An early form of Etephm fintifjuu^ evitlenlly gave rise to tJie 
mo<ierii African idephant through the type known as EJepkttJs priJtcuK^ 
included by some authorities in E. itself. The develop¬ 

ment of teeth of afrka^^us w'ith relatively few lozcnge-shaped 
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ritlgiea scem^ to bo n matter of dcgenoraej* which some doubt 
upon the v^ilue of the siibgomis Lo^odonta^ {ifricma^ de- 

pluyocl over the whok of Africa with tho o:^t'f!ption of tUo Sahara 
Desert^ Tt also emssod to Gibraltar and spread oror most of the 
Spatti-di Peninsula. It has since Ijeen extirj^ated^ howetfern. in all 
of i|i« region nortli of the Sahara. The living Indian elephant 
exhibits similarity'' of structure with the n form known 

as L'iepAm armemacfiJis found in Asia Minors being aiinectrut type. 
t'tephm hidirm may have come frean Efephaa imipi!* through the 
Ijower Plei'^ttx.'^ne E. and probably represents a purely 

local evtilijlion* not n iiiigrntory^ form* 

A moist psTpicxing question arises with reference to the origin of 
Llie gi-eat Xortli ^Vuicrican elephants, Ehphm E, cohmiM^ 

and fimiUy E, prifni^euim itself. Empliasis baa l>een plaml on the 
similarit}" existing between the .American and European oiephantsj 
thougii T know of no expression of opinion as to the actual relation¬ 
ship of the forms in question. In tooth charEicters Eli^phffH a>Ifmihi 
is certainly suggestive of its European coiitem[XJrHrj% E. antiquu^^ 
while E. impcrat&r somewhat ri‘-SOinblua E. meridtonulh. The tiisks^ 
which are so im|)ortant from the developmental standpoint^ have ap¬ 
parently been ignorsnU for the Aiuericiui tyi>es have huge spiral tiLsks^ 
wliile those of EhphfiH sintiquu^ are nearly straights and in E^ mrri- 
dhnidijf they show by no means the devolopiiuuit of E\ unpi^fon It 
is tlic writer’s opinion tJiat tlie ^Vnierican forms may prove to be- ii 
distUiet evolution, having bE?en derived from sonio such form as 
Ehp/i/tii phnifr&tiji^ found in India from tbe PUocctie of tbe Siwnlik 
Hills to tbe I^leiatocene of Xarbada \''alley. We have no ret:ord of tbe 
migration of E. plant from, but its progenitors and contempomries 
rangcih in some cases* as far as China and Japan by way of Burma. 
This Ixdng an acenstomed rout e, E. plan If or a successt^r might 
well have venturerl lxfy<jnd C'lnnfl to the northeast thmugli 8il>erja* 
acro^ the Bering Isthmus* and ibence snutliward as far as ilexico, 
giving rise to the Aiuerioin form Elephatf inipt^ratopf which bi first 
reported from tlin Equiis or Sheridan l^ds (Ijower Pleistocene). Tbe 
known range of the latter is from Xebraska to southern Mexico along 
the one hundredth meridianj although specimens in the l"ak collection 
wvre found as far east us Ohio and west to the California roast. We 
liave the uutburity of Liirtet for the finding of a tooth of Elephm in 
the lj>vver Pleistocene in Cayenne* French Guiaim. From the de¬ 
scription of the thick ridge plates'^ this speciineu is evidently illat 
of E* imperator^ prol>ably a stray to the southward before the condi¬ 
tions which later prohibited proboscidian migration into South 
America arose. It u? the only recorded instOJice of a true elephant 
kncmii to me soutli of the Slesican Plttteuu- The lyeographicail range 
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of R. colttmbi embraced theirbole southern part of the United States 
and ill? highlands of Ifexioo, including the area covered by R, im~ 
p^fait)rt with the cxcejition of the Soutli American locality. 

Rlephat pnjfuffsnitix phylum. 

[ShM fimrl 4„] 

Ehphm j>r(m:tgenim has Iwcn gcnerallj" concealed to Iw of Asiatic 
origin and a near relative of E. indiem. The character of the teeth 
find the presence of hair in the youiipf A" indki*^ arc certainly sug¬ 
gestive of rdaiionahip. The teeth are also similar to tho^e of E. 
colmnbi and may represent a further development of the latter type 
as rtiadilv as of E. mdicujt or E. mtiguus. The pn^senoe of hair is 
an atiivistie eharacter developed in E\ ppimigi-nluH to iiieot diiiuitic 
eonditionst 've are b)" no ineniis mrv. that E\ rrolumbi was iiakerl, 
tills Is simply argued from its geograpliicul dLsirihution. The 
tusks of E* primigemm^ however^ are genemlly the immensej jri>milly 
coiled stnietures of E\ cdlvmbi and h\ though sbnrt-tasked 

specimens do occur. ]irestiiiiiiblj youtig iudividiials. In E. iitdiruft 
the litsks are greatly reduced^ Iwing nliseiit in the femHle, often in the 
malCj and are evidently degenerate. 

EkipAiig cohimbi molars grjitlc into those of £. and 

there ia preserved in the Yale museum u line jaw^ the characters of 
wiiicti are* olearly iho^o of E, prhAigenim^ while the teeth are Uiose of 
E, Cobmibu in faett E. t^himbf is ofteti regarded merely as a 
.southern variety of the Siberian mainnioth. It srontH, however, as 
though the reverse of this statement might l>e tnle, looking mx^n /i\ 
which U llie more specialised fonu^ aa the Latest inutatioo 
of I ho imperator-coliimii phylnni, originating in North America 
and Incoming circumpolar in its distribution, In catling Siberia from 
the American Nortbwi^t. One tooth has been found on Long lifhind 
in the eastern part of Ilud^ri Hay^ transitional in character between 
the mamnioth and Eleph^^ columli Lucas siipposci^ that tliis toolli 
may Have lieen carried thither with a mrcBsa or n portion of a carcass 
by the water or ice. This may Lie true, but upon autli slender evidence 
as this we have aomeUme^ l>ased a route of tuigratfon which snibse- 
quent discoveries have proven true. It may in this instnricc Imply 
dint the migration was not wholly by way of the liering route and 
that the hairy mammoth was inde^ a circumpolar form. 

Thus it will be seen that these majeatic creatures were great wan- 
derers, ranging in the course of time over nearly the entire world. 
Tew iiinmmab have been such World-Wide travelers us the eleplianb^ 
a^ their record has been exceeded only by mankind, Qio horses^ dogs, 
and ealB, the rhinoceroses and camels pressing clo^^ behind. It would 
seeiTi that in each instance the |jerfection of the rai.'e wjwi in a large 
measure due to the developmeut of the luigratoiy’ iuHtincL 
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EXCAVATIONS AT BOGHAZ^KEUI IN THE SUMMER OF 

CWith Id plutea.) 


Huw WlffPld-Kli ami O, PifciisTEisr^ 


L The Dijktivehv of ("lay TABLETii. 

* ttj IluffD WJftckJflf. 

Sinc<! th^' 1)cpinning of the eighties of the last century, in addition 
to EL det'per frtiidy of the ancient cirilismtionifi of the countries of tlid 
Euphrates and of tlte Nile, u third region has aroused the interest of 
iiucstjgutorsv In ISBS^ A. II, Suyw for the time eolleeted the 
inseriplioiis written in an enigmatic style of hieroglyphics which had 
lawjjne known within a decade and which since then have been coming 
to light in increasing numbers in north Syria and Asia Mitmr. It 
hnd lieen contcnd«l by William AVright (particularly in hh book. The 
Empire of the Hittites, in 1SS4) iliat these inscriptions are connected 
with the people known os the Cheta or Chatti. This fwet is now gen¬ 
erally recognissett, and adapting the name to its biblical forni^ llittim, 
these people are dosiguatcKt as tho Hittitoa,^ Altliongh miicli care¬ 
ful study has been gieen to these inscriptions, yet so far there is no 
definite knowledge as to their nieaning. 

The interest thus nroused has, however, yielded more tangible re¬ 
sults in iinother direction, and a close examination of record.^ in the 
Egyptian an<l Assyrian inscriptioiiis (?«!>ticeming the Cheta or Oiattl 
leil to an appreciation of the iniixirtance of tliat people in the liLrtory 
of western Asia. In connection with this research tho moniJinents nf 
Asia Minor were Flndied, Permts In particular, exhibiting a far-seeing 
viciv, and it was recognisced that the rpieslion liivolved was of a civil¬ 
ization which, ill the main, must have embraced all of Asia Minor. 
Tltc “Hittites^ were cfuisideretl, primarily, as a people of Asia 
Minor, It Ijeciitne tuore and nmre apparent that they entered into the 

* Atartraet, tranalntrU bjr juTDilfwIcoK frcni tJie CJertnaa* VtirlBntlp^ Nnchricliteit 
aber die Aa«4mibiini!Ki In KiJl Ldj Socuaer 1007, Bjr W-lnckler 

nnd O. Fnrliileio, MItteniinpen iler DoutBcbea OrlcnbGesclIscliaft xu lUtWu, 
Ne. aSp Deeeiubcr, 10 OT. pp, 1 -Tl, 
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liUTlory of Syria iriiirtt nboui tb& ^dxt^^Lh centiirj^ B. C-t smd tbfl 
significttfjce of this fact was fiilly npprt^cmtcd. 

Vtom tins Tel d-Amanm ktiers we kam that a p^KJple cU>sely re¬ 
lated to the Chatti lied at that tiine pushed its eoii^juests as far ni^ the 
borders of Bab_vIonia. A recisutly discovered B[diyloidiin chronicle 
informs us lliat tlie fall of the first Babjdunian dynastVi of which 
Haiuiniiruhi was the middle kingt dwe to an attack of the ChaLti. 
As this attack must have inkeu place nl>ont ISOO B, C., we are thus 
afforded chronoIogiaiUy definite information of the apiKBraneo of 
this [Kople and their empire. 

The accounla in all these docnmcntis proved that ihc center of 
**lTittite’" [>i>w‘er liad Wn not in Syrinx as was at first tM-lieved. but 
in Aiiitt iliiior. thoni^li in what part of that countr}" could not he 
definitely settled. Almost nU of tiie inscriptions in ^ Hitritc” script 
had coiuo from the reyrlon of the Taurus, or southern part of 
Minor, but this region could not have formed Lht center of u ^reat 
eiiipiro. The other alternative pointt^d to Cappadocia which, lying 
in the very lieiirt of A.^a Minor, would be lit eci^er for a emlized 
power. 

The Tel el-A mum n letters and some clay in cuneiform script 

found at aljuiit the same tinie as those of Ttd cl-^Viiiariia in the mound 
Kiildepe near the hamlet Kani-eynk. tdiout three Hours ea^t of 
Kaiairiye, bore xvitne^ to the t-trong influence of Babyloniau civiU- 
ssation upon the countricsi of Asia Minor* They showed that the 
"great Kingof Chatti and other rulers of Asiu Minor, like those 
of Syria and Palestine^ employed the cuneiform wu'iting in their inter¬ 
national doaFuLg^L 

As early as tlie thirties of I he nineteenth century the rijins of 
Boghnz-Keui^ in the hcort of Cappadocia, in the region of the eastern 
Tlzitys, east of Angora, isec-aine known through Tesier. They were 
diligently exninined by Perrot and Hiimunn. In the nineties they 
were visited by E. Chantre, who did some eica™ting, and by Lieu¬ 
tenant Scheefrr and W. Belck. w ho were nil im presided with the im- 
iwrtance of thesio ruins. On mv prescrdiition of the mutter, Baron 
von I Jindau offered the means for a trip of incpiiry. The it^nircd 
irade was spi^fi^Jily obtaiued wdlli the aid of Llie imperial embassy 
in Constantinople, and tliiis T reached tlie ruins in couipany with 
Til. Afakridy Bey in OctolA^r, llKJr^ 

The very extent of the ruinR indicated that it was a plait* of un¬ 
usual im|K>rifluw and that it rcpre^icnted one of the centers of 
'^Hiltite’'" civilisLatLom The pro^peeL^ of epigraphic asNiuisitions 
were very favorable^ In the three days during which >ve could ex¬ 
amine the ruins some thirty fragments of clay tablets were discovered, 
some of them picketl up in nur pres^^nee. In some ea^ their shape 
showctl that they w'ere parts of tublets of extruordinarj' Ac- 
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cording to the usseflitias of the inhabitAntii of Boghnz-Keitl And of 
other visitors, similar findii bad previously Wii miido. 1)tiring the 
excavations of the follotving year (lOOfi) there was a rumor of large 
bronze finds, consUtiiig of axes and horse trappings, One of tliesso 
Bx-shapoil objects is in the ^[tlscltIll of Berlin (fig. 1), 

The finds made at our first exaitiinatiiui of the rains prumisod rich 
booty of doemndnts in cuneifomi K-ript, and throiigii them the estnb> 
lislung on the sod of .-Vsia Minor of a definite historical center that 
might possibly doniiected with other accounts concerning " Ilittite 
hiiFtonr. The presumptive abe of the tablets nud the clniracter of 
the script recfllied some of the Idlers of Tel el-Amama, so I hut they 
could be assumed to bo of the Bamo jteriofh Two other fads pointetl 
to a connect ion between them. All the fragments found a I Rnghiix- 
Keiii were ijiscrlbed in an unknown latigiisge, but tlicy were too 
sman to afTortl connected stories, A chain of circumstances, however * 
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indicated that tliey were in the same language as two documents of 
Tel el-iLniarna (the letter of Amenophis III to Tarchundaraup, Kiug 
of Afiiawn, and the one in which the prince Lapawn is lucntinned), 
and which goes by the name of the “ Arsawa language." This again 
pointed to an identicai periotl for bwth sets of documents and a 
possible closer connection between them. This impre^ion was con¬ 
firmed by three sinnll pieces, which, by their very appearance and 
the quality of the clay, strongly recalled the Ainarna tablets, but 
more so by tlieir contents, which were in the Babylonian language, 
and formed portions of letters to a king. 

On the basis of these results the Soriety of Explorations in Weatem 
Asia (Vorderasiatisdie GeselLschaft) and some of its members pro¬ 
vided the meams for further excavations, This work was niulertaken 
in the summer of IQOfi and resulted in fixing the site and determining 
its importance and there was discovered h large numlx'r of rt>yiil 
documents, Fnr a continuation of the e.xplorations on n larger scale 
SS202—9H. liWS-14 
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the German (>rit«iit111 iStJciety (Derit^^he Orient-Geseilschufi) granted 
the meftJis, iivhile the tfemiati An^lidologit^nl Ttitjtitutc imdertook the 
itOintiun of tlie archofilogicul problems eonnected with the Thun 

tlie work could lie taken up, with iii(!reii?5pd ftinds^ in Uie j^niiiiuer of 
lOUT. The exciivatiotiH were carriefl on a* enterprise^ of the i Hiotntin 
Museunn nudnr the direction of Th- ^Iiikridy to where ^iingulILr 
id>ility in deaUng with the people much of the success is due. 

The exemvetiona were naturally l>egtm at the |3oiiit w'hert' the tablet 
friigmeJits bad l>een fmind^ on the slope of lioynk-Kale [pi- 1 Tliis 
is a inountuiu A^diich hud been fnrliiaed as a dtmlel and formed tlie 
northcDsi corner pf the city AvalL The work was carried oit from 
the IsiiH? up ward* The higher the digging asccTadid the larger was 
the Hize of the tablcLs founds till in places large tablets were rangi'd 
in layers. There is no rpieHtioii tliat we have lie re tn do wdth the 
nfiiialtiii of royal archives, thciugh they represent oidy a Rinall rem¬ 
nant iif the original contents^ 

About iiiidAvay uf the declivity was found the doenment A%-hich es¬ 
tablished the fact that the ^ite represeuted the coiiitai of the Cbatti 
ciiipire* The contents of this dtHuiiiient Avere not new; they were in 
Habyltimiin language and writing] and formetl pails of the tii?aty of 
Ramses II Avith Uic Gbeta King Chetasar, as he has lieen usually 
called, or Ifattus^iU aa now pniveii by the cuneiforin script. The text 
had long fK'eu knowiu lieiiag itLScriU^d on the walls of the temple of 
Kariiok, 

It AT ns thui^ asa^ertaiiiCHi l^yond doubt that tJie tableLa lielongcd to 
the rr^yal areldves and that con^^ptently the site represented the 
cupitaL Hut the question still remained* Avbat avjis the name of this 
most iinporliiut iTenter of the earliest history of jVria ^lincsr* whither 
oiicj? went the embassies from the courts of Thebeii* Babylon^ Assliur, 
and AT hence w^ere started undertakings so decisive for the destinies 
of the -k^pn^tri6s^ of \V<^tcrn Asia? The cu-slomury designatioti of 
counttics in the new documents is ’Mhe country of tlie city N* 

"nie oriental coneeptiim underlying tlik expresi’ion is ihal a '"coun¬ 
try is u district Avhieh has for it?! center and seat of die riders a 
city (uiachassu) in Avhcte^e sanctuary the gml han his earthly habita¬ 
tion* with the king as his representative and plenipotentiary. A 
natural consequenc'e of this view is that country and city bear the 
same name* I'his observation led to the surmise that the name of the 
ca|iiltvl w'as the same as that of the land. Ch^tU, *Subsequeiitly this 
was confirmed b^' documents which told only of the city of Chatti 
and its principal diAdnity, Teshnli* Avho Tvas already knowu us uue 
of die most important gods of these and other Ilittile[x^iples. 

The dcicLuinenbA foiuid on the slope of Boynk-Kflle Avere of the three 
Chatti kings who Avyre known trrim the Hiiinses trtiaty, though tho?® 
of Ilatturiif the last of thcnit seem to predominate. 
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A St ill larger deposit of tablets was found in the enstera addition of 
the large building, presumably the principal sanctiinry of the God 
Teshnb, Ilure, too, tho docunietits of Hattusil pmloitiinated, and 
there were pieces pertaining to bis two successors, tiiciigh not an in* 
OQtisidenible portion beJongetl to the reign of liis two prcdcccaaors, 
particularly Subbiluliimm the first. Other places, besides these two 
main deposits, yielded considerabk finds, Tluis oiii) of the gates 
furnished a large doom hook with the royal seal of Arnnnnta. (See 
Ia‘1ow.) 

l*he short lime that could l»e devotwl during and since the excava¬ 
tions to the investigation nf the material has pertnitted only an 
examination of those documents which appeared important, esiiecially 
such as iriight, shed light on historical conditions. A detailed and 
exhaustive study of the new-found archives miiist be preceded by the 
deciphcruient of the language and svill recpiire the coupenition of 
many workers for a long time. Even the few exam pice of the con¬ 
tents here given must be taken only as provisional. 

But even to convey an adequate idea of whsl has already been 
studicnl is tint easy in the present limited spiiec. It will Iw seen, for 
instance, that the Tel el-Amnmn find-s, as well as many data of the 
AssTTian inscriptions, liud their commentary tn the new texta. It 
woidd Ijo an instructive ta-sk to illustrate by comparative examples 
this unique interlinking of records, lint this would retiuire much more 
space than is here available, and a more tlioroiigh investigation of 
the documents than has been hitherto possible. 

Tho foremost result obtained is the chronoto^cal dating of the 
documents and through this the defining of the city in its constitiieiit 
parts. There are documents of the reign of seven kings, represent* 
ing five generations. Four of these kings were already known from 
the treaty of Bamscs, though their names arc only now definitely 
identified. In the uncertain Egj'pliuti script their names were read, 
Sapnlulu. Maurnsar, Mautenel, Ghetasar. The order as now eidab- 
lished is Siihbiluliuma, his tw’o .«!on» Arandas and Jlursil, followed by 
bis two grandsons, Muttallu and Ilattusil, sons of SIuraiL Tlic 
gcnealogt' of the sons of 5iubbiliiliiima begins with him only; his 
grandson. Hattusil, names the* great-grandfather of the same name, 
not however as the “ great king, King of Chattj,’’ but merely as " King 
of the Citv Ku-us-sar ” (otherwise unknown). He was probably one 
of the many city kings who appear as vassals of the ” great King," 
while his son Suhbiluliuma was the founder of the dynasty, He hud 
a long and sncci^ful reign. Tlie Tel clmama finds contain one or 
two letters of Amcnophis IM to him, The new documents show thnt 
his rrign e,xtended at least to that of Amcnophis IV. A whole series 
of events are common to the Ainnmn letters and tlie accounts in the 
Clnitti archives. Here is recounted the advams of the Chatti King 
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cin Mitani nftiT rhe ihnih of kin^, To-shnitta. Founders of ilytias- 
ti€S ill thi* Orient are fret|ueiitly alwo gt^at conquerors, Ui the case 
of i^ubbiiuliimin. Ills supremacy h m.-ogniaed by Aair. ruler of the 
Amorites, iind by other princes of Syria, who in the Amariia letters 
ask the king of Egypt for protection agaia^t him. Jfitiini, until then 
DU independent state, and under Tusliratta victorious over the Chattiy 
auccumlM later, and is completely rrduml tinder his siipreniacy. 

Tlic reigTi of Arundiis* son of SiibbiLuliinnu, seems to have l>ecn of 
short durotion. Ilts sucees^sor was Arandas*sbnuhorMitn=il (hilherto 
read Maiirasar). Tliere ore quite a mimW of iloeiiments relating tu 
Mursil-s mgn. but much fewer than of tin; reigti of his father and 
of Ids son HnltusiL ThLs would learj to the conclusicm that Slursil's 
reign was shorter than those of eitlier Siibbi lull mint or Ilattusih 
I bough not Hl)sc»!utely a sltort one. One document seems to give a 
Hurvey c^f the hrst years of his reign, reudiing down to his tenth yeur. 
It contains references to the Hnbjccii.on of by ids father and to 

hiii own relations with At>vft\va, and to a numlier of territories not 
iiitherto know Ilf such as Ga^u Tibia, Ziqhria. A still more obscure 
passage in the document seem?^ to bear on the w'lir w^iili Egypt which 
resulted in the fauiou?^ Imllle of Kadesh. 

Murriil’s sncce#?4or was at Jirst his son Miittallu. Tliis is already 
mentidiied in the treaty of Katuses and is dw'elt ui>on by Hattusil in 
jseveml docuKieiits, ^Vhat his end was is not yet clear. Ilb^ reign 
ctmkl Inive la^fteit but ii coujile of years. Tfie Ainarnu documents 
relate that he deposod one gf the Amnrri (Amorite) princes and put 
another in his place. A document of his time contains an cnuniera- 
tion of the Chatti panthrou. 

Muttallii was succeeded by his brother IlattusilT w'ho is known 
throngli his treaty willi Rheilscs. The larger |iorlitin of the archives 
belongs to his reign, which must have licen quite an extended one, 
Tlio docuinents give in forma tiim concern iug I he most imporbint 
events of tlint pcricai. Under iiLm tlie rekLiona with Aniurri were 
regidated anew. The most imporLant event unfier ITnttiisil was the 
making of a treaty of friendship witli Egj^pt This is referred to in 
many letters. The ihx^umcntt which may t>e ooieHidered the 
Babylonian lexl nf the treaty, h perhaps merely n preliminary ex- 
change^ of notes. 1’he Tiegotintloiis preceding the conclusion of the 
treaty were carried on, os mu from parts of other letters, with 
gitat deliberation, ils l^ecoiuing the dignity of both chunceleries. 
Even the queens participated in the great evmt, for Xaptcni, tho 
wife of liamscs, expn^w^ij her joy over it to her aister/" Piiduhipa, 
the ^^potise of liattusil, in a special letter^ 

I he rehitions with tlic other great powers is illustrated by a letter 
to the King of Babylon; w’hlle u fragment of a letter from the 
Babylonian King^ Katashman-turgu* to llattnsib shows that the 
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friendly feeling between iJieni wiis imituul. TLe constiinlly growing 
power of Assyriu iiiUNt liavc drawn them to one nnotlier. The 
liiibylonian King to whom letter ist oddre&^l b not named, 

hut must huv'c been Ivatualijiimi-'hiiriash, Aon of Ivatodlimun^turgit, 
who is known as an iidverenry of Shiilniuncser I of Assyria. This 
letter, which comprises upward of I«0 long lines, while recnlling the 
jtniarna letters, differs from them in its purely polhieul contents, 
TJiere is no haggling nbout dowries, or presents promised and not 
raeeiveil, as in the long letters between Tiishratta und Amcnophia 111 
tmd IV. In Hattusil's letter to the Babylonian I^iJig weighty mat' 
ters of state ore disciissod, and. especially, Irifonnation coiiferning the 
inCucjice on the succession to the throne exhibits the politics of the 
great states in their mutual relations: 

* • * tVbi'n tliy fiitber illitl [ menniwl lUse a kinxI bmfher * « • 

iiitd I lieiu mj mcnsciiser Jititi wrote to tlie iiomblctt of KnntitnlnHU (Bnbylooun 
as folIgw'K,' “ If you Oo not rccoiplu! (tUg mxij uf uy brurbt.T an Klnp. 1 sliqll 
be yuur enemy. [But otlierwlsej if ouy foe attaelcs you or la bo^tc apiainst 
yott. r I’liall L-ome to your atiL" • • • Nelibor cna tl;e people of tTlwitl 

cemmeiiil teodfce} tboae of Kanltmlaab, nor nmj® qf tbcutl. I wroio tu liiew 
tthe people of Karriirniaah) with Ji frletKlIy Intent tboL tliey may recoculie tlu* 
pofllurlty nf my brother Katnahumii-tureu. • * • Aft m wiint my broLbvc 

write* me tliat I Iwve Ettopjictl iniilqaiiitiv relntltnie, I iIIeL tt on aceount of the 
Beduln ffcril (JTt nh.tngiu—the ArnuiLtnu thttuina—.V'tiibra), • • • 

In onothcr passage of the hitler in forint tlie Babylonian 

King iibiiut his filJiantv ’^rith the King of Kgypt, while still mi other 
paragraph treats of n complaint made by the Ftabylcmian King on 
Qi^unt of ihe assi^fipsiimtioii of trading people (tnemlwrs of a caravfln) 
on their way to Amurri and Ifgarit (northern riienicia, etc.). The 
writer refutes the of any n?^?pon?ibility resting on the 

Chntti territory" anil |;iqlnbi out that the murderers sliuiild lie ileli%'ered 
to the relatives of the murdered. 

An insight of wide range into the histotr of the time U adorded by 
the following sentences: 

I wtih fmtlierinure, to niy brolhor thai ai? reiainla Riinti-ahJiinl, of whfjm my 
brother writer, he "dlatiirnfl the Imiil.” t iiwktil BuiiU-EHitiTnnl, and tu* 

“ I hare n chim of JW* tak-nts of aSIver arpiiliiat thi? laleihltanta of Akkadp^' flat 
now, h3dco BoDtl-shlunl lins Ucoome my my timther ainy enter n fPiilt 

fljmtnFft OIni nod ho Btml] iiDErwer 3 b the nrosneneo of tUy iiBihEifigsidorH Adad-Phnr- 
natil, anti before the jtode [that 3», In o forcaaE Murt act3oal eonoeniltijf dis- 
tnriinntfie of I he country of my brother. Ami If my brother will nat blnsself 
jKrrtsCvulo the aclli^n, then 3H thy serviint [oiUelalT who In'll rd Uuir Biinll- 
ehlnnt hoe molOiiPtoil tho land of my brother enino nnd cairj on iho action. Thofi 
I Ahull calT Bantl.shLnnT To naffwor. Ite li aijr va^l. In tuolestloif my brother 
doo9 he not uiolent myA>3ff 

Til is Banti-shinni is known fruni other sources, and it will later bo 
seen thfit ho, Prince of Amurri, the Amoritc, is one of the succoHiors 
of .iVziri, known or notorious from the Td cl*Amama letters. Thus 
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the former ?i.irnii^ iiboat the inTasions of the differijnt Semitie 
niigTutioD^ sre rai^cl to i^ei^tfiinties. Since the eigrbtU ceiitiiry B. 
the Arsibinns/’ p8 joviiditig and conquering Bediiuiiis^ formed border 
?^ntPF5 the ^^-tiletl territory and the sdcpiie. Previous to that 

the ^^Vraiuean Bedouins’^ ployed the same rdlep A document of the 
time tjf the dynasty of Hammurabi relatcii tbal “Amnrni '■ wen.* roam¬ 
ing in the steppe, playing the same game. Since at that time the 
entire Orient. Babylonia inclitded, mnat have Ijeen overnni by a popu- 
Intiou I hat wa,^ racially n^hlted. the conclusion suggested itself that the 
Semitic slratum %vas then in a process of ■" iininigTiiihiiu’^ To it be¬ 
longed;] the Habiri-Hehrews subytmtuni of which were tho 
Israelites) j of whom there ifs mention in the Amarna letters. It is 
now i^een [\mi the ruler of the Amorites m not coufineJ to the hinter¬ 
land of uorllierii rhcnicia^a.H ndated in the ^Viiiartia letters, but that 
Lis territory extends to the borders of Babylonia \ that is, he is lord 
over the great Syrian Desert and its lajidci’s* He has a riaini against 
the inhnbitpiits of Akkad, a city of Xnrth Bubylonia. It shows the 
spread of a people under the name of *^Amoritefrotii Babylonia to 
norlheni Palestine. And this devclopmerit is of the highest impor- 
tance for tiie sol til ion of ethnological probleniK of the Old Test^iment, 

Hattusirs letter then treaty of a pJiysiciaii (asu) and an exorctser 
(ashipu) wlio had Iwn once sent to ^^luttallu and had not yet re¬ 
turned. The exchanging of physicians is u \$0 refej-rwl to in the 
letters from Eg^'pt. Ilicn the L Ucr ugiiin passes iuio the field of 
politics and Hattnsil gives expresHion to the paternal tjenevoleiice he 
feels for his young friend and ^Mirother,'- encouraging him to attack 
iJie eountr 3 - of the enemy* by which vciy^ likely Assyria is meanti 
i^hidi was the adversttry of boiln 

JIattusiPs i*eipri thus exhibits a decline tif the Chatti power Tiie 
rising power was then Assyria, under Shnlmaneser I iitul Tuknlti- 
Nmibt uptm whose deritli it likewise collap'^ed. 

The tcign of the two succetfSofs falls in this time. First came Dud- 
halia, Hattiif^irs s^n. One of the larger documents or edictij moti- 
lions Piiduhipa {bin mother) as coregent. As the queen apf!teiirs in 
the same role under hia successor^ we have to asii&uuite that this was not 
nn exception, but, as elsewhere (for instance, in Arihi, with the 
Xabzkteans, the Ptolemies), that it was the rule, Tlio rpiccii shai’cs 
in tile power of government by her own riglvt, not as wife of the 
reigning king, for it is the mother who is nameil in close rclatii^ri to 
her sfjn. So, jilso, m regards Egypt, Tusbratta, in a letter to Ameno- 
phis TV, appeals to Queen Tcyi, and in one of die Tel cl-Amarna let¬ 
ters the lia1iyloiiini:k King BiiniaburiaHh complains that tliis .same 
queen has not shown yiifiicient interest in his fate. The letter of 
Napteru to Pndubipat mentioned above, in which she expresii^es her 
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fziaUsliictiun OTer the concliidtid iillioiicts would ^Uoat tlmt ucled 

mdei^endently even in the lifetime of their 
^rhe edict of Diidhalia seems to lujur oo the regiilutioti erf ioteriin! 
if airs concerning the possetsioos of ]>owerful subjeetK. ^iid enumer- 
flies many cities and places, closing with the names of witnesses, 

A treaty (in private possession) with tlie King of Aleppo fllalah) 
containing, like olher sirtiilor doeunieots^ uii liistoricol intrcxloctiou 
s(N 3 ^ns likowLsf; to have been drawn up during lib reign. 

Diidhalian son and successor^ ArnuantJi« is at present knoAvn only 
from tlin^ doeiimenls—two fragmcnls of edicts ami the doom Ixxik 
found in the gate of the timer wall. The latter lieaiw the roj'al seal 
with a Elitlite itnd cuneifonii legeiKi The former is broken off; the 
latter may ije read: 

ftt the edict Huhartijil iif AniMaiiiiu KItia; iioit tta-n[d-l4a-lL 

ISJiMil i¥t Iftdr I'a-wii-asili-Klil iW). 3ad^ .^iii-aMhiii^ Qiii'en, * • 

ilan^liter of rvu'iid-ha-ll-lEiiI. 

tho firal of the two ladies name^l tlie mother—that Is, Uie wife 
of Diidhalm I His own wife was also his sbler^—another insTaiice of 
marriage lietween brfither and sister in the royal house—which here, 
Oii luncmg Lite PJmrfdii^j may hove hud a mythological reflj^iL The 
Chatti King, too, was the ^ sun ”—like the Pharaoh or Inea« 

There seem lo be no other accounts of this reign. The reign of 
Arnunnta in nil proljability coincided wJtb the great retiijgrRSHioii of 
Assyria after the fall of TukuUi-Kinib* As Egypt was liken i^> 
weak at that limcj it is tc^ he msomed that the territory of Llie Ilittite 
peoples Wiis not much exposed to its indiience from nlioiit 1250 to 1150 
B, C+j and as a coiiflei|uence we have no records for that iwriwl. It 
is only under TiglDth-Pileser I that we have further account^ from 
which fact it may be concluded that the Chatti land also has |>ai«ed 
through great revolutions which M to the decay of the state. Tig- 
la tip Pilci^r defeated the Chntfi King and was thereupon recogni/Anl 
by Egy pt fls the legitimate successor to tile Cbalti dainrs bi Syria 
and northern Pflle^ine, Hencefortb Qiattt land‘d is for Assyria 
a territory standing under Assyrian supremacy, but the term is also 
1 but ted to SjTia and norlherti Palestine. In Asia j^finor there ore 
now for Assyria only " Muakij'^ who appear in place of the former 
Cbatii stnte. 

Alongside of Chatti^ the stale of Mitani seems, according to the 
Amartia letters, to have played the most iJii^KiriaJit part. Hie numer¬ 
ous and lengtliy letters of King Tiishratta and the similar relations 
tu Egypt eiiteriubicil by lus two predecessors warranted this conclu¬ 
sion, it sccnuHl strange that tliis porresjyondence broke oil iiiimedi- 
alely after the accession of Ameuophis IV* 

It was pswsible lo infer from other documenIs that the territory of 
Mitarii had fallen to rising Assyria* which shortly before was its 
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inferior in power, siiiLt Tushrattii hns Ijeeii in ^wsses^iion eren of 
Xiiieveb. From other documents it can be sfeen diflt a j^ople pneb os 
orp sbnwn to have been in Mitani was ??preod as fur as the bortlers of 
Babylonia and since, according to tlie Amsrna letters, the same fad 
iiiuy bt^ assumed for Palestine^ it may lie croncluded that previous to 
the Ainamn period a people to whom the name of ‘"'Mitani"^ ivas 
applied had carrier] on a large tnigration or conquest. 

The treaties between SiibbilnUuma and the biicw^^sor of Tushnitta 
pEirtly confirm tiieise LH^tielosions and partly put them in a new light. 
In particular a new light is shed on the question of the composition 
of the [Kiptiklion of Meso|>otaTn]a aiiid Syria. 

lit the lirst place the political cn^nciitions are fully c:s|>lained 
through die treatie^^* Their historical introductions contain accounts 
of tliu de%'ejcipnient of affairs anti, in a measure^ give a survey of the 
hi-story of the state of Mitani. 'Ilic cessation of information concern¬ 
ing Tutfliratta in Tel el-Amama Ijecomes clears he must b^hjo have 
found his end of which the treaty speaks* That there should l>e no 
eorrcHpondence between the successors of Ttiahratta and the Egj'p- 
tiau King is understocKl when one rends in the treaties tlnit Mitani 
after a i>eriod of anarchy came under the supremacy of Chatti and 
thcrefure could not hold direct dipioinatic relations with the Kgyji' 
tiaii court. Thus thest? data form a commentary' tcj th(^ letters f^f 
Tel el-Aniarna which liear on the affairs of Mitani and Chattit that 
north Syria. The saiine countries anil the same fiersons are met with 
in them* and wc see how the individual princes are drawn hit her and 
thither between the great pow'crs, shaping their conduct aceorditig 
to ihc condition of aiTinrs. 

The nairntive part of the tiwty reiatca bow Tmshrntia^ the King 
of ^titani, rose against the King of Chalti, whereu]>ori the latter in- 
flirted depredations on the left bank of the Euphrates (the territory 
of Tiishratlnl and annexed the niountain range of Kiblani. But 
Tush na it a was clefiant and threatened to retaliate by plundering the 
right batik of the Eiiphrates (the territory of Cltatti), The rectsnl 
ihcn gi^ on to say: 

The sTffit Kill [I tof Chtitll) Oenf?d him* Kor at the time of the ffirht^r cf Uio 
KItip iif Chatti ^Umt la tTaltoplI J) thp efluntry of Imiwa rebel leiL Peonte of 
Clittltl wciil tu tiiiawa ilHH-aiisu>> tbe iH^eiilo of (be city ^ * jmU relH-U^l 

r.t tlio lime of my fatberp Bui tlie mitit, of tbo Kid#; of Cbattlt 

^abbniilliiQm ilefwitc^ iheai. At tlmt time the iK^plS! who oBL-amt my band 
wcnu III tiiawn * • *. 

But thi- miu ftiiUt^llinimnn undertook an o^pcditluti njniu.t Hip di'flant tlnjt 
Tnirttnitta. I cnteaci) iba KU|itint1i>s. I ninrubnl n^nlniit Imiv'a nud vEidted pun- 
UlituHikL iipui) Dll- milm lituaiA, I matlt' tbuni n eMUnd tlnu- my pnil>Jc«tH. I 
liifliett-d puiitiilimcut aitcai nil tbo |*.<o|dv nnd lubil. tlmt nt itic ttm« «f my futhcr 
wunt to Jjwwa * • « nn<] Mubjcctod Tlwni lo Clmtu. Tlii> landii wlilcli 1 

faiuiiml t tlifr rwnatiwl tn plitw. Hut tbt- jH-opla wbum 1 

rel«it 0 L.l ailBniti.il li» ibalr ia! 0 |il* und tlieCJbattl tuok iWRiLHaalun <■! lliwtr country 
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The occurrence wUieli k here olUnkcl to illustrates peculiar condi¬ 
tions in the old Orient. An entire people migrates, seeking ne^r 
habitations in a land of foreign lords^ Tliere was no lortlies^ land 
in the old Orient;, although tlie mure frequently'these lands Avere 
really unprotected by the lords. A similar movement (in wliich 
Isuwa is al?«i tiientioned) is recorded in a treaty Avhich regulated the 
rektlon of the Clintti King Mnrsil or Hnttusil {probably the first) 
to iSunassura of Kizwadua. Tlik etmntry, too, secefletj at the time of 
the grandfather(of the Chatti King) to the Charri, and thk was 
iicconiplished by migrations to Isuwa. The biblical migratiuns of 
Abraham's people to Palestine and Egypt and of the Israelites from 
Egypt appear in a new lights Just as here a discontented people settles 
II home in a defenseless^ or ptxjrly protected land of another lord, 
AA'lifwe nile is hss oppres.siA'e and allows of freer developineni, so did 
the Israelites migrate to aiiodier laud^ 

The historicui introduction of tho treaty describes other expedi^ 
tion^ and conqiieats of the Chatti Kijig which w^civ provoked bv the 
hostility of Tiishratta and mentions other countries and jwrs^jns 
who are in part met with in the ^Xjnama and Assyrian inscriptions^ 
The document then revieAVs^the reason for the present treuty, at the 
same (ime giving an account of the end of Mitani * 

When Ilia eon and bla senants kail entered a conHplrBCy and llfa 

Oitilery Tufdjrnlta. • » * Ti'^iliiib dccldixi the enRe In favor of ArtKitaiiaip 

nnU tlie laiat of MWanl was entirety^ ruliieiL The A^T^rrluns and AlRtielnaB 
divideil It. But the areat Kina [of rbnttll tmlll ilM aut |]ie Eii' 

Itbratefi nor eaact taises and tribute from the countiy of MltsiaU Wlani bo 

lea mod the iwrerty of A! I Uni I he tfittit ttiein pninee rteopJ** Itlmt li, nieaibora 
of the n>^‘fll house], cattJiv Mhooga. niid Iwrse*^ for the Charii got there 

Itiio loiKco*. ^lUtjitarn. rofjetber with the notable^ ttuoirln to kill AEattliiam. 
the isoh of the Kina- He fled and came to ihe aua ^SuhhUullunm. The iweat 
KSne Nild: His case wfifi decided hj Ti^u^ tnkliia ihe bjiiid Lhahihijfj of 

^ttlunza^ Eon of Kina Tiishnittii+ I plac-e him uyum the throne,. » * ■ 

The m^t Ktatf pive the country of MlteiiU for the snhe of his dnu[ftiter, a new 
lift-, [ took ^laltluuza by Uio hand naU guTe bini my tiaufiller for n wife. 

Here ends the inlrcKiuctlon to the treaty. There then follow the 
comlitions regiilntiug die rekLion of iMattiunza to Ins protector. He 
ciitcrbT into a soii^iip.'^ ilis empire b thus not properly a vassalage, 
but something like a protectorate. He is to dismiss all Ids Avives and 
have only the duiigluer of the Cbatii King as Avife. Their olTspring 
shall be heini to the throne. Uctween C'hatti and llituni shall lx: 
friendship. Regulations regatiling the extradition of “ fugitiyes,” 
!^imilar to thost' of the tre^nty Avith Egj pt, are agreed upon. At the 
conclusion tho godss of Iwtli countries are invoked a^ witnesses of the 
alliance. 

The account of the events after Tushrutta's death ujxiks new vi.stas 
into the cotidilions of die various couuiHcs. The Charri must have 
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pljiTcd ft i>art in Mltanir which aocounl^i for thi? mentioning of their 
King Arlatatna ot tJie Ijeginning of ilie treat)''* Tliey may repr&ient 
u people living imder their own King towaril A^lii Jlitior^ but who 
OFcrran Mitani nnd the rein:s of government. 

There ai'e s^iireely any doeuimrnts Ijciiriug direetly upon 
thougii \i fnigment speakfs of ‘^Ydad-iiiriii^ your lord,^* which may t>e 
part of a letter from Subbiluliuma to that Assyrian King. 

From tbe ilnta known before the present exea vat ions* were un¬ 
dertaken it was expected that instead of the i.t.-iiter of the Cliaiti 
Kriipire^ 11 a-^ countt)- c^f Arsawa (Arsupi) wemh] be mentionet.1. li 
was not Hurprising, therefore^ to tind this eoiintry f>ftEji referred to 
in the; new documentand while it seems to linve always been under 
the influence of the King of (Jhatti^ it must have 1>©cn an independent 
state, for ^Viuenophis JJl writes direetly to its Xing* Tu^ehulLd^lralii!^^ 
and a diplomatle Intercuisrse eoulil be riialiiliiincs;! only willi inde- 
[lendent bfutesL The eomitty must have been isituated somewhere 
within Minor* Frugiuents of a lengtliy tablet (in ttie II it Lite 
language) record the iiifuirs of Arsawa* There Ls mentiou King 
Alakshandtl* evidently a t:r»ntemporary of Hattusil (and probably 
also of ^(iiDfilH, who hi Ijliewjse luentloneii), and who w^as at all events 
a successor of Torchimdarau!?. as the hitter muiit have been a con^ 
teiiiporan of SubbilunuiE:ta. 

Less frequent is the occurrence of Ala-shia*CypruSj which in the 
Tel eUAiuarua flnds is represented by its own Icttcni. In the frag¬ 
ment in which il is mentionerl it U referred lOj as in the -Vnuinia 
lettCFS, us furnishiiig copper, its tmiixi jirodiiet. 

Aitakuma, l^rim-c of Kinsia. known from the Amarna letters, is 
■met with in the historical |>orttoti of tlie Matliiiaza treaty and else¬ 
where. Ills son, Shaiua-Teshub, Is repmaintcd by bis ow'ii letterSL 

JWost romarkable is the overlapping of both arebiTes (of Tel el- 
Aiiiama atii] Clmtti) in their aecount^ concerning tlie country of 
Aiiiitrri anil ita princes, Tlie importance inherent in the “Amoritea 
as old ^ttlers of Palifsstiiie and Pbenicia is rjow augmented ■^vben it 
can l>e seen how eveiy tlung developed from the conditions of a great 
iounigrationj and what attitude Lbe Amoritc people of (^Lmaan atul 
Pheuicia assumed tuw'urd the other paoplea this immigrution^ in¬ 
cluding the tLabiri. 

In tlie Amarua letters Asiiri^ Prince of Amurri, plays in northern 
riienlcia the part of a disturl^r of the peac^e. Aside fi'om several 
of hifl owti letters to the Egj^ptian court, he ig very frwjuently tiien^ 
tioned in the letters of die other princes as the soul of elII disturb¬ 
ances, 'Die capture and dtertruction by him of tbe city of Sumnr in 
the territory of BybloH forms the subject of many complaints aud 
much correspondence* Tbe court of Kgv'pt orderi^ bim to rehiiilil 
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(though not to vacate) the citand Rofilly surnmuiiifd him to appear 
at court and defend hLmself. After many subtiTfugej? and delaj:s 
he went to Kgypl aiid socceetltKi in exonerating himself. But the 
accusation,'? of hh opponents that he was in sym|>flthy with Chatti 
were as litUe unfounded as in the tuse of the Prince of Kinstni 
Subbiiuliuma and hU successors themselres state timi Aziri ut Lu^t 
became a faithful vassal of Chntti und so also remained Ills sticce^- 
^ors. The conditions of his country' are touched upon In several 
royal edicts and titties—I'oniposed in Ilittlte and Aas>'rian —m 
tlmt we ubtaln a kind of chronicle of Anuirri freou tiie time of 
Sobbiluliuinit and Aziri down to that of their great-grandchildren^ 
Thus Miifsih addressing Abi-TesLiuh, the grandf^on of Azirh says: 

Aztrt tLj rctiened diTuttna mj fiObur. My ftithcr lilni 

to jftiTjniEt^ioa Wlieu kings of NuliftoljE and Kinta rofie a&itcist mjp fnlberp 
tby amndfathiT AKtri dkl not rise, VVltfw • * * nay fatter luade war 

u|Hm tlK eatmileiL, tty eninilfatter Aitri i Ike wist- uiiLile war oa itoiu * * * 
Acl! niy fatbi^ i^ve |mrtectlf>ii tv AiJri iizid bis tnaii 9 * * ^10 <Hbekal) 
of my At t lief luiiriMsott uiictL thy i^ratidfutlieraa a |>n 5 aei]t and trlLute. Uc luild 
them aanually. never witJibeld Ibciiir neveraniJered tlni » • • As tby gmad- 

lattoT bebnved inwulfd ray En theft h> ht* lhjbaii\*d tuward tue. WteiJ the 

klng'ji elf Nuhitatl rw\ tCioiia ni^ala rtanv agnluat aiOp Ety grandfatber AxlrE ami 
thy father Unj-rTf^liub not JdIii them. 

In n document, written in the Hittite language. Ijclon^ng to the 
lime of Dudhalia, the name of one of the jVmurri King^^ Bente±ihina^ 
is the equivalent of the Assyrian Put-ahi, from p^itu^ fronts and 
brother. Tlie name Benteshina is not 'vHittite'" in the narmwer 
sense (Cliatti), but belongs to tlie other of the two known hin- 
gusigci?—the one which until now was dc^igTiatcd as '"llitani.^ It Ls 
then^fure certain that the Amiirri princes at tliat time bi>n? nani^ 
in this language. 

From tills fact may Ije tkrived ^xjudusian^ of great .'fignifii'anco for 
the ethnology of the countries here discussed. Until now the Semitic 
constituents of the Syrian population, suflicieritly know n* were con¬ 
sidered us the only or predominating factors In western Asia- The 
new in format ion compels us to give also the other element, the lilt- 
lite,^’ its due importance, and allows us to distinguish new components 
in that general and indefinite ethnic name. 

The dej?igTiali(m Mitani has been a provisional one. ft can l)e 
now established tliai the iimj^agatinn of that language, and also of 
the people, exteudetl fnnn the bortlerf of FlahyIonia to Egypt, 
Tliiii propagation mtist have been old. According to n Babylonian 
chronicle a go^ut conquest by a people bearing the nnnie of Chatti 
took place nt the end of the first Babylonian dynadyj that bs soon 
after 2000 B. C., or, tii the latest, at 1700 B- C, From tliia time on 
the name Chatti must be coanected with the populations that overran 
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ivListeni Ariiii* ii ijj obvious tliHt this l>opii]a(5cpn could not 

hiivif nmi»iiied fur u tniUcniiim und more usii n siJiigle united people. 
The c|Ue^4ion is, What is the reUition of our Cbatti of Subbiluliuma^s 
djuasty and tlieir Laii|^a|i:o to those coiiquero]:^^ f 

In the first place* it is clear Liiat we have liere to do with two dif¬ 
ferent hiiigiiagi^, m difierGui as laitiii and Greek. Tlie "^Alitani^' 
tongue must he ctuisidered as tlie CfirUcr one in weatem Asin? k b ilie 
iaugiiage of the idder strata of Lite migratinni The quei^tiou is onk^ 
Was H the langiiage of the ‘^Chatti ^ cojii|uerors at the end of the 
fir^^t Ehiliyluiiiun ilynasty, or tfid these i'hotli already speak the 
Hitt lie ■' laiigintge ? This question can not here be definitely deeded. 
For tJie pnisent it uiay lie stated that in the Assyrian inscriptions 
Alituni b considered as the language of Mesoputaniiii^ and as thus 
haring 4k sure fmtiikg wdlhiii ihe narrower sphere of Baby Ionian 
civilisation^ while the Tel el'Aitiarnn documents attest to its use also 
in Pal<stine^ Taking this evidence in coiknectiun with the new inf or* 
matioiL it may now be sLiklecl as n certainty that before ihe Tel eh 
A mama period a |>eople, such as may Im? comprisotl under tlie name 
of Ililtitiv’^ and which was iilentical with the one until now best 
known by the iianie of “ Mitaiii.^ spread as far as the southern hordere 
of Palesl iiie, 

Froiu this c^onclusion it follows that we have to count with a very 
considerable nou-Sendtic layer In the population of SjTia over which 
the LiTaclitish or llehrciv layer was later superimposed* The dif- 
fercutiation of the cojupoiiciit parts of this ^ lliltite^' layer can only 
be undertaken after a more thorougli invcsligation of the language of 
Alitani and the ITittitC,-^ 

In the accounts of Ci^uditioujii after Tushratta's death the Charri 
play a part Tlicre is no quesLioti that they were a populatiou of 
Alitaiii, fonning the niling or aristocratic class* By the side of tbi.^ 
there is also ii p^plo of Charri, evidently doJ^ly rdated to that of 
MJtahi. having its &\rii kings, thus forming a state by itself. The 
simple explanation would be that a great Charri conquest took plaee^ 
W’hich concerned Mc^potamia and the adjacent countries. Front 
their royal fartitly Tiisliratta beat me king of Alitanl* thus attempt¬ 
ing to support his jjtjwer by the part of the population that was older 
than the Charri (but likewise Hiltite That would have l>eeQ the 
usual cour^^ of things under such conditions. 

As t<j the siLuation of tho f^tate of Charri. it must be placed in the 
iminediate neighborhtx>tJ <if Mitani^ in Ale^potaiuia^ rather north¬ 
ward ilitiii semthward—that is, in the direction of Armenia* But 
Iw-re w'o recall that the Kgypttan accounts ahii uiention a country of 
Cha-ru, and Iwth ngme^^ can not well be separated* In these records^ 
hovtcver, Clia-rii was t^ken as the designation of southern PalcstinCf 
whiiJi would mrry tJie name a long distance away. This difficulty is 
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removfFd by anr ii^fijmpiion of ftri ^extel:ksive hiunjiigruticin anil con¬ 
quest* The desigimtion of southern Pjiiestine us CbtirEi in the 
EgTi^ptian uccoimts ivould only $how tJiAt ju'rl then (in the time of 
Scty I)* or Kbotily before^ the Cliurti conquest Unik piuce^ ^vhirh ex¬ 
tended the nuiuu Cburu to Dig souliiern borders 

Bui a difliuulty arises when a detailcul sepamtion of the severnl 
striiU of die popuJation is attempted. In the first place there are 
tlje two ianguiigebs—^the ^ Mi tan) anti the new I liltite/- '['hey tlo 
not seem to be relAted^ but wliethcr they belong to ililferent faiuilies 
of languages must for the present remain undecided. The HittitCt” 
the former has Ixyen claimed for the Indo-European family 

of languages (compare Kmidi^on^ Die Zwel Ai-suwu Bricfe). It Ls 
rather piTmaturis however^ to pass jndgtnent on this qm^tion ttefore 
the new dfxaiments have Ixarn sijhjtx^tod to a closer study. There can 
be no longer any doubt tliat wc should assume ibe existenee here of 
an Tndo-European [MipulatioiE As guardians of tbe treaties Ijctwecn 
Chatii and Mitatii (Miittiiuis^a) the gods of bntb countries are in¬ 
voked. These arts in the place^ the divinities I'sSahiishcd of old, 
tJiat go back to the earlier periodbi of purely lliihyhmiun innueiicf!, 
for they Ix^ar pure Babylonion names. Then conus t lie I'esbiib-cirde* 
evidently the properly constituted national deities of t>otli countries 
but likewise belonging to an older stratum* In the midst of these 
names we suddenly find* in the Mitani portion^ two nouics hardily to Iw 
expected in this connect ion: 

1. Ilftnl'inMt-iTi-ftiih-aUi-tl a~n)-w-im-aH!i-fi|jH!’l (rnr^ant; lerii-nii-iiaU-Btil-lbp 

2. Ua t ta-4ar llaat a^'Aialiai-att-tMa-PiJa-nii (variant: m- 

sli i n hat-t l-la-AR'aa). 

That is. Mi thro j Vanina—whose identity can not be doubted, 
though the rendering of his name offers .'^me difficulty—Indra, and 
a fouith divinity, who from the context must belong to the same 
group* 

It is imposstiblc here to eniarge upon the significance of this fact 
as evidence of the existence of an Indo-Europeau |>cople in western 
Asia. Suffice it here to answer briefly the quPFdion: To which part 
of the population do these divinities l^longt Tlw god of iMitnni* as 
also of ChattL is Teshub? he would thus represent the older layer. 
The layer represented by the Itadn-Eiiropean diviniLie^ must have 
been the dominant and aristocratic oruv ^nc* its gixls are invoked hy 
name. Thia points to the Charri, who must therefore have b^en 
Aryans. 

Since our Ilittite langiinge is Indo-European, we shall further 
ssmmetbat the same papulation also overran the ChiiUi hind, so that 
for Chatti. as well as for Mesopotamia and Syria-Palei^Hne, two strata 
mu-^t be assumed, the earlier Teshub-people and the younger CSnirri. 
With this assiunption accords the use of the Ilittite language in Pales¬ 
tine and the character of proper names, .such as ifattiuaza, or that 
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of a Syri^ PI’S nee, XamlAwnza. On the other hand^ none of Uie 
names of the roytil fumily of Ihlitani tind Chttrri b fonned with 
thut of the principiil gwl Te^hub^ while thiit of the okle.^ member 
h Sansh-Hhatiir, tlie s«!f>iKj part of wbieh corri^pondss to ^Vryan 
Ksljatnif (151 rendered in euneifomi script. TJie same observation b 
nmde with regard to the membet^of the royal family of C-hatti- 

Coie^idering the ethnologj' of wirliesi Palestine, it hardly rieed l>e 
pointed out timl the Charri are Liie Ilorini of the Old TesHtauient. 

The two simta of peoplet repreisehted Uy tlieir iHngiiaj:^^ may lie 
deijignated as the Aryan and the I’^eshub. There are indieadon.^ that 
tlie Tcshiibstratn was siiperinipwed nptjn a still older one. The 
chief god of Chattii. as w'ell as of was Teehnb, the national 

sanctuary at the city of Chatti licing coiisecrated to hiim flat otlter 
diviniticJi are recordeth bearing in pan purely Babylonian iiames (as 
Zagaga)^ who must belong to the earlier periods of Babylonian influ¬ 
ence. A pn^ominuting part is also played by the cult of the siul 
T he still of (the city of) Ariiiiia is fretjueiitly uieiitioneib and 
wems to rival with Teshub for the supremacy, so that it must have 
iKstn a famous sanctunry of high antiquity. 

Oompiired with the rich har^rsi of written dociimenb^, the 6nds of 
sculptures were not hirge^ The immense arat of the temi>le* ilie 
principal building, yielded nothing of the kind. It must have lieen 
previoiiiily ransacked. Only in the court of the temple were there 
found Ff^m pants of a water basin. One piece of the ha sin lay on the 
surface ami was formerly cop=iidered as the *^tlirone;it is as such 
dciieribed by Perrot and Chipiez. One end is fonned by two lions 
w'ith tlieir fore parts turned outward. Tlie other end is represented 
by a correHjMJiiding dgiirc of a lion, only of a conHiderahly larger size. 
Their rolntion is that of a full-grown anitnal to a young one (pi. 2, 
Jigs. 1 and 2)+ Aside from this the city fnmislicd some of the 
exauiplcj? of Hittite art. A Hp«cimeu is here reproduced, the 
lion% gate (from a drawing of O. Puehj<tein, pL 3). The finds at other 
gales brought^to light by the escavutions of the .cLrcheological Insti¬ 
tute are better rt^rved for discussion by specialists. 

These objects i^ill probabl}* have to be placed io the same period 
as the documents. To aji earlier SJtage of art belong two stone 
blocks found ou tlie mountain deelitdty above the “feuipk" {pis* 
4 and ob They apparently ^ry^i as bases of statute Though fhe 
general nieaningof the represenlation is evidently a symbolical scene, 
yet the mterpretation of the individual object^j will present moiiy 
riddles. No indications of the former placement of the two pieces 
could be found. Purihrr setirtdi resulted only in hmliog the head of 
u clay statuette of the Hellenistic period. Tliere was a rich harvest 
of fmtimfcL All the different ejiochas from the Uittite to the Galatian 
fjerioda are probably represented bv numerous samples. The treat¬ 
ment of this subject mu.4i likewise be left to specialists. 
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TL Thb BuiLnTNOs of BoohaB'Kect, 

That tho ImporiiiJ Ardieologicnl In^itutc was enabled to under- 
take the soluLiou of the areheolugical tasks connected witJ^ Prof- 
Id. Wincklers new- explorations in 1D07 was due to the kindness of 
Dr. O. Ilnnidj Bey, director-general of the Imperial Ottoman SIu- 
seiim. ami was made possible hy the special grant of Ilia Kfajesty, 
the. (k'rman Emperor- Some of the expenses were defrayed by Pro¬ 
fessor tt'iiickler from funds placet! at Lis dLsjwsal, 

While Makridy Bey, of the Otttnnaii iMuseinn, had started the new 
exenvations in April, the goroninient ai-cheologiat, Datiiel Krencker, 
and Dr. Ludwig Curtins, who were at first commissioned by the 
qchlrnl direction of the instittitc. could not sot out iM'forc the end of 
Mot and Ijegin their work before the first of June- Doctor Ciirtiua 
remaiiusl on the scene till the end of August. After the end of June 
Krencker was assisted by the govemnient architect, Heinrich Kohl, 
and after his tle|>{irtiire, in the middle of July, was aupetneded by 
him. From the middle of July the secretary-general of the institute 
w as digging and working alongside of Kohl, both currying on the 
excavations tentatively licguii by Jlukridy Iky and Winckler in llHHi. 

It was a great advantage for our archeological investigations thnt 
Wiiicktork discoveries hud tletemumu] tin* pcricul and the sphere of 
civilization to which the finds of DogUaz-Keui lielonguNl, On this 
sure hash Doctor Curt 1 us studieil the well-known rock reliefs and 
examined the new stiulpture finds. He gained much new material for 
defining the authentic Hittitc monochrome ceratidcs and tlie multi- 
fonn “ Phrygian," faintly tinted potsherds, so that the fiueslioii as 
to whether the latter bolonge<l, in part at least, to the Ilittite period 
of Bogliaz-Kcui can now be sellk'd. 

The additions to the knowledge of Hittite architecture m Cappa¬ 
docia made by tlie work of the institute is of much scientific im¬ 
portance. The buildings were large and monumental, and acquaint 
na with a new style of oriental ardiitecture. 

Considering firet, from an archeological viewt>oiiit, the buildings, 
there may Iw rHuiIled the data given by Winckler alwmt Boyiik-Kale, 
the main acropolis of Clmtti. where the first more recent archives 
wetti found. We oursclvca did not work on thta site of the city dis¬ 
trict, but tlie examination of the remains which Makritlv Bey brought 
to light (“ a ” on pi. 1) were of great assistance for the knowledge of 
the general character of Hittite architecture. What we saw was the 
eastern half of several small rooms located on the edge of the largo 
plateau of the Boyiik-Kale and supported by fortress walU (pi. fi), 
Wliile the foundation of tho walls of the roonei consists of quarry 
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IwiiJid with 1ostm« the wjitlls themselveij nlKhut 1 ijietet 
Avere ™cc constructed of strong woof bn joists or pjincls, with suti- 
driiHl hrkks in siugle files, IMien fire dei-’troyed the l>iii!diiig, the 
wNXKiw'ork A^auinlicHh its splice fillctl with debris and rubble 

C" b on pL Avhile the brickwork was burnt redj so that the waiJs 
are still about 1 meter abive the grcniid ('"a ■■ on pJ. G)- In one of 
these rooniap Hlioved into those parts of llie wall from whidi the wood¬ 
work was bniTit out, cuneifonu tuEilets of the archives are said to liave 
lx*en found. Tlie latter may have been originally prc^serA'eJ either in 
the basement or in the upper storj'. 

1 he nature of the building to which tlie arebive riKiniB t)elongedf 
Avhetlicr palace or temple, can iifU Iw detertuined until further csco- 
vatiiig is done. It extends far eaxtwnni over the plateau of the 
aci'opolis and has left remnants on the surf ace b 3 well as under 
ground. 

Murvi definite delaib can be fihtained aUmt the site of the second 
archiA'e which ilafcridy Iky dbeovered in the spring of 1^07 liefore 
our arrival. A detailed account of the circLiiustances under which 
die cuneiform tablets Avere dLsetivered tmd a discussion of the rjuei- 
tioii as to how tJiey came to this place is discusscfl by Winckler* In 
our opiidcjii the archive remains were lying at the east side of the 
large budding which lias been taken for a palace^ After a tlioroiigli 
examination by Kreiicker it Avas shoAVti to liaA’^e been a rolossiil temple. 
It wii^ su^^ollfld^L4l on all liitles liy pa veil street 3 + and close by^ as at 
the Ijgj ptian temples and old Cretan palacE^ stood the A^ault^ or 
magazines^ inirraA? structures in rcgidar arrangonicntt Avhich, thoiigl^ 
once de^rtroyed by firCj fjtill contain the complete iiuiiilx^r. Lhougli 
in broken condition^ of the A'ca^Is for receiving the re venues in kind 
of the temple. In some of the rijoins of the eastern mogn^ine b •’ 
on pi. 7) the tablets were found between the foundation Avails, The 
mode of building the magnsiines was the same as that of the archives 
cm the Boylik-Kale, Aviilh of panel work and hun-dried bricks ttpon 
stone foundation:^ only lhai here the walL^ entirely disappeared. 

The temple itself was built in the same or a similar manner^ only 
more Kolidly; the thick walls had n socle, abotit a meter high, of 
large blocks above the foundation. Hence after the destruction of 
the up[)er part by fireT enongh remainud of the stone stwle to deter¬ 
mine the ground plan of the entire building. This exhibits in 

AFediterraneaii temple, but is eubstan- 
Ually different from the temple plans of Mesopotamia, Egypt, and 
North R>Tia It represents a quadrangular ™jrt; on the south it 
i-s acci^ible by a iH-cuhar ja^rtul. and on the north side is a ptilarecl 
hall; licliind, m the midst of ii group of rooms, there b a space, 
[icculiar by its ifituation and its w indows, which reach down to the 
and in it, at the north Avnll^ there b a large pedestal (*^a '' to 
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“ e ” on pi. &), (loiibtlH;^ for tbe slntufl of the gml wbn was bm* ven¬ 
erated. Wincklep surnii--itj» that it whs the god Tterhub wbo onco 
dwelt in thLs prineipal temple of Chstti. 

Tlie gciienil arrangouient of the temple was tvpiial. Kobl proved 
I be exitttcnix' of. and then cjccuvnled. three oilier buildings of the 
same kind iti the niieient rily area—in the upper cilv. Thev am 
located, like the large one, upon natural tcrraccsL A fifth building, 
close to the structure at tlie east gate, where in IHOG some tentative 
digging was done, exhihits an entiivly dilFcnnit plan. It seems to 
have been a palnoc. The latter, like the four temples, exliibils pecu¬ 
liar Hcmentd within the type of old oriental architecture and bt Fpe- 
cifi«i!ly North llittlte, We have thua gained ei clear coriceplinn 
of the manner of iiiiilding characteristic of the interior of Asia 
Minor in the second inilleniiim B. C. 

Tlic iinjKirtaticv of the situ of the city baa la?en pointed out b3' 
TiViiickler. The area, uiclosed by fortress walls, is situated on the 
declivity of a mountain and at its font. Its view is gnimler and 
more litipressive than wciuld appear from Ilumann^s excellent duirt 
of 1882, by reason of tU wide expanse, its terrace-sliapetl coiLStruc¬ 
tion, the great dilTerence in height bctws?en the moi-e level lower city 
and the in on? rolling upper city, iijid, finally, on account of the pro- 
j^ting siinimiLs and rooks, some of which were rrpecialli* ailaj>led btr 
citadels, Tbe city tniist liiive once presented a View sitntlar to the 
Syrian fortress in Egy ptian pictmtis. Ktdil, with the snrvcviiig 
board, has made a new, careful, and accurate plan of BughaE-Kcui 

The genera] plan of the city, as well as the walls with thoir towera 
and gntas which no doubt Ijclong to tho same pi?riofT as the temples 
and the }ialaee, are on a grander Hcale than was to be. expected from 
former aecountis The part of the walls CEmstriicted of large stones 
recalls in its technique tbe fortifications of the citadds of Mycenw, 
which belong to aiamt the saitte pcriml, though not exactly 
identical with it. Tiie principal wall of BughuK-Keni stood upon a 
mighty eartlieru rainparf, whose slojw was plastered with stones. A 
.similar construction U observed in Senjirli, North S.vrin. Ilie wall 
averaged 6 meters in tliickiiesis, in places 8 meters, and consisted of a 
high stone socle or basement, of which some remnants remain; and 
upon thi-s rose, according to authentic vestiges, a structure of wood 
and sun-dried bricks Tlie towers projected beyond the wall and were 
mostly in dose proximity to one another. 

In front of this principal wall, upon the slope of the ram[)art, 
dood anotlier weaker wiilL likewise firovidiHl ^vith towers. Such a 
ilouble wall also pititectcd Senjirli, in North Syria, though it. was 
SS20S—e« lUOSi-Ki 
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constructed nfter aiiotlier schemer Aod similar fortificiitions are now 
broijgJit to light in Babyloti and Ajvshiir. 

Tlie stn;allcd silly port.s of Bogba^^-Keui were very strong. They 
were naiTOTiV but high vaulted with corbel, which led iit 

ssome places through the rampart and were in parts T2 meters long. 
They were probably coiLslructcd for purposes of defense ond served 
a.s sally gates. 

The part of the wall exposed to attack., in the south of the 
city, was more closely examined. The tower that ^ood in the center, 
on the highest point of the wn!h was biiiU as a gate tower wIioho 
entrance, both within and without, wnt? flanked wdtli sphinxes; frag¬ 
ments ot the best pre^rved of tliese are now in Constantinople, At 
both ends of the frnnl wall of attack, steep stone step^i led from the 
gruuiul through the plaster of the slnpe of the high wall to the end 
tower of the front walk 

FinalIvj as reg^irds the city gates, we coin]>lcled the iinccivering of 
the south and east gates, which wa.i liegun by Makridy Bey in 11)00, 
and excavated tlie two west gates, wdiich were close together. At the 
lower west gate w'as found the tablet of Arnuanta mentiDned above. 
Each of the towers was flanked by a gate. The plan of the gates is 
very d-uiplu, including a chamber about the same width as the wnll, 
which could l>o closed on either side. TIic framings of ihe openings 
consisted of large stomps, constructed on the same principle as the 
roofing of the sally ports of a high elliptical corbel vault, bnl iMdow 
it had colossal posts imrmnuntrd by two fw three ytones which gradu¬ 
ally projiM^ted and inclosed the clJiptiml curve* IFliile at the south 
gat© (ph Z) both posts are decorated with Inrge iJorm on the out- 
aide, at the east gate (pi 10) only the ioftide of the left poi?t bears 
a ^dptiirc, pnibably representing a young warrior In life si^e, uho, 
like an Egj-ptian king, is dad only with apron and helmet, standing 
in the usual p<K5turo—the left haml balled, while in the right he holds 
a magnificent haltie-ax. Unfortunately, there is uo inscription ut- 
tachetl to the ligure, though it dcubtlc^ repre^rfonti* a Ilittito king^ 
either Subbiluliuma or Hattuisil, or .^nte other one who might have 
erected the walls and gnte^i of Ohutti. Thb royal figttre and the lioUB 
at the east gate are, from nn art standpoint, the aiul most im¬ 
portant sculptures of ihe old Hittites so far kuow'n. Eiiropcan 
mu^iemns should at least proenr© plsL^er casts of them. 
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ILVLATITA I\ GRKECEj 


By r.n. c. D., 

Profcaar of Tmpii^l t-ttfpcrjrWi/ 0/ 

[Profnaor Ottof. D.p EMUS,. In tbe ffbftlr.] 


Profpssoi* rnifl Gentlemen, I consitloi* tnysclf extreoit^Iy foHu- 
JiJitc- in biiing able to iiUniducc the subJeL't of Tnuliima in (Tfc^ce to 
my eotintmiieii, tliruugii fnidi a very appropriHle avenue ns tJie Ox* 
ford Sfedical Society^ T was actually cotisidermg how llic intmluc- 
lion might best be effected when I received the in vital Jon from your 
secretary to address 3 'aii to-night* For ^'tieru could anyone who 
wishes to discourse of Greece do so mudi lietter than in Oxford— 
herself the daughter of Greece^ who has Ijorne tbrougli the ages tho 
tordi first, fired in that divine country? And^ since my subject is 
^'Esciilapian, what audience could I find fitter Ihsn yonr^lves? But 
my luck does not end here; for bi you, Mr, President^ I Imve chainced 
upMi the fittest of all presidents, eminent alike in science and in the 
humanities?* to l>oth of wdiidi my theme npprak. Further^ when f 
first opened my beggar’s wallet for subscriptions in aid of tlio cause 
wUidi I have to advocate to-night, it wsis yourself who contribuied 
tlie linit dole—a gootlly numljer of solid draelimar, in aid of Greece* 
The omens are iherefore propilinu^ and if I fail it will be die fault 
of myself rather than of fortune. 

First let the Muse explain (she is mrry that she can not do it in 
liexanietera) how it came that bo Imuible an advocate as myself was 
selected for so great a dient. Early in tlie year I whh ajkerl hy a 
British company which owns certain large tracU of land in Greece 
to go there* in order to addse as to tha best means of reducing the 
malaria which for a long time had Iweii t>er!?ccnting the com[Mny’a 
employees* f arrived in Greece towartl the end of last Mny^ aud 
Uiere* sure enough* found Audrotneda in tears, awaiting the on- 
slaiight of tho fell monster which was just then preparing to arise 
{metaphorically speakiiig) from his long winter sleep iu order to 

« An adJr^sa ileUTcml ta tbe Oxford Medical SeeSetj' on NovgojImit lOdL 
RepHntett by perulaatan from the Journal of Tropical Medicine, London, ^'Dvcul- 
ber JOOU. 
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diivotir her. Aftc^r inspecting tho latter, insie^Ekd of slaymg Uim out¬ 
right, I det^^rtninccj, taw* wisely tbnu lierDicully, to rciire for assist- 
ftuccj flud I lUii to-niglit in fnrlhorancre of tliat mtentioin 

Now let me begin by describing exactly my own expcrtencci^ in 
Greece, As everyone knowsj the country' consists principally of a 
mn®3 of mountains with amsU valleys l>etwecn them Iiicrc and there 
and many btrs^lu and inlets of the In fuel, the (.-onrigLirntion is 
very like that of the Iligblands of Scothmdp The scenery dexst not 
possess the great variety of color caused by the light and shade of 
the liiitnid atmosphere of the Flighlands; it is brighily but tiniformly 
coloreds On the other hand, its eompanitivc aridity is eompensatud 
for liy a singular Ix^aiity and voriety of cent our, which are not ex¬ 
celled in the Alj>i!vor even in tlie Hiinahiyas. Iligii enough to retain 
for most of the montlis of the yeair an exiiLiisite lacing of snow, the 
mountJiins, Chongli hiimm and Hiony, make ti long vista of outlines 
agaiiibit the very lovely sky. 1 have never seen a sky e<pial to that of 
(irecce. In the Trtipics ii yellow light is rcflecleil froui the burning 
ground upon the lower strata of the ain and only the zenith is blue ; 

1 1 lit in (t recce the azure extends almost down to the horizon, except 
for a narrow margin of briUiont sihery or jH^trly light. After sun¬ 
set the sky seemed to me to psissessi;, nut tlie deep night blue of the 
Tropkw, l>ut a wonderful piirjde tint of its own, In which the **naw- 
hatloHl stars"* shine with a brilliance not exceeded even in the desert. 
At miilday the almost tropical glare of the foin on the chalky soil is 
ndieVinl by tlir dark ^Isade^ of (he plane trees iind the elosifiiol 
cypresses and the briglit green of the vinc^ It has been niy fortune 
to see many t>eautiful txinntries, but 1 think that Greece and Britain 
hold the palm. 

The particular valley which £ was called iipou to visit wns that of 
Lake Kopajs, Iti Ihirfdia. After leaving Athens^ ttie comfortable 
train wiriij$ along between Mount Pentelikon on the south and Alounl 
Panics on tlie north. Then, passing acro^ the casteni spui^ of 
Parncs, in full sight of the Island of Kuboia and its strait on tlie 
right, it enten^ the Valley of Thebes. Traversing thLs it goes through 
the dehlc of the Sphingion {wdiere the Sphinx used to waylay traveU 
ers with her riddles) and emerges on the Kopaik Plain. This is a 
large nrt^a alw>ut tJ miles brood and 12 miles Jong, the long axis point¬ 
ing west and cast. On the east the plain is boundetl by the Mountain 
of the Sphinx, which seems from certain point*! of view' to have tho 
sha|}e of a woman’s figure reclined along its crcsl. Along the whole 
of the south side runs the bemutiful range of Heiikon, the MountaFn 
of the Miises. The birthphice of Hesiod is in one of its valleys; and 
near one of the siiinniits there is the famous fountain of Hippokrene, 
where the vringed horse, Pegasus, took flight for heaven, owing, it 
said, to some annoyance from tlio litemry critics of the day* At the 
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western ijxt reniUy uf tho plain llm iiia|^ruficpnt nin:^ iif Aftnitit 
I*3nia?5sij,s. the MouiiiuiJi of A polio j wiiJi itH summit a rljid in dazzling^ 
snow. Blit to i^ume* The Kopsiik Plain itself m alfiinst alis<iliitcly 
flot right lip to the feet of (he hills whieli Ijoiiiid it, l>eing, iE]iliN;Mi^ 
lljo tlrirtl is^ii of n Jake. In aiirif^nt tlnysj timirding to tlip interesting 
wriling?i 4if Dr, J + i !■+ I'ra^ser, of Cniiibriclge, thb luke was a large sheet 
of water in the winter, and in the summer ii serieij <if rnnrshes over¬ 
grown willi sedge, with rivers winding througli them and patches of 
dry Ifinfl between. The lake was drained iu very EYaiiote times by 
the pctjple of OrchomenciSH, a town upon its banks^ and the remains of 
the dmimigi' works am still visibk'. The water enters from nmidiers 
of small rivers tind streams giidiing out of the surrounding moun¬ 
tains and naliirally eseQ{Hi!£^ idngidarly enoiigln into great iaiverniS 
which there are many, ealhal katavothrns” In the Middle Ages 
the ilroinugt* works appeared! to iiave allowwi to fall out of re¬ 
pair^ bul recently « Prench company resumed the task^ and still 
morn recently the work was taken up by the British company^ the 
Lake Kopais Coiiipaiiy, which asked me to study the malaria for 
them. The whole tjod of Hie sineient lake is now' a girut phi in venal 
with crops of all kinds, which ivpiiy ihe oo^t of the engineering 
works. The wuier is at present flischtvrged tlirough adjacent valleys 
into the sea^ 

It was hertf^ that the malaria was so troiihlesome. The Lake Ko[iais 
Comfjaiiy has many hundreds of employws and tenants, who were 
con^ftjintly Iwdug attaekeiL although tinwt of them were natives of 
(Jn^'ce* It luid not I wen found possible to keep accurate stsilbftics 
of tile annual nimdwr of cases; so that my first eart^ wsi^j to make an 
estimate for mystdf of the anioiint of malaria present. This can l>e 
done with a fair degree of aixiiracy. without the help of Hlatkiics^ in 
two wnysi^by ascertaining the projkiriion of people which, first, have 
the [lamsite^ of molaria in their bluod^ and, seotmtlly, poitJess enlargef] 
spleens The first, method was much usetl in India by Stephens and 
Christophers* who called the ratio of infected persons to the total 
population the endemic index. To obtain an absolutely comni figtin? 
by this means we must make ati exhaiii^ive lulcmscnpical examination 
of the blood of every fjerson in the area under coiisidci^tion; but this 
would lit too laborious for praeliciil purposiw; and we mtist conse¬ 
quently content oni^selves with an approximate valuation obtained! by 
examining only n part of the local popiilation. As shown by tlnw 
observers, and by Professor Koch, it is eispeiaally the native rhihlreu 
in ii malnrioua locality who have the fiamsites in detectable numlierv— 
the older people becoming comparatively immune. The bh>od of a 
number of unseiectod ehililren is therefore carefully searchtKl for the 
parasites, and the ratio so obtained is recorded mi the approximate 
endemic index. For exact w'ork a large number of children mtud. be 
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eKiiminiKi, ns <;4beri.vi^ tJn^ niur^rin of orrur* iis Blmwii by I*oisson^3 
forjiuila* will bfi vory wnsidi-mtik^ For txamj>Ie, if h'jO children Vie 
exaininud nnd 2o of tliojii bo foiin-d to contain parasites tiie error will 
be no 1e® thno 20 per cent; so thut tho approximate endemic index 
will not be 50 pc^r cr^ni, afs a luisty ^^1^^4€^rvrr imiiy think^ but a northing 
Ijetwepii uO per fsail and TO per cent. TIiLs fact i^ worth rrailling, 
bcHruusc it lias \iwti much overhjofctsl in m^iu work otj tlie Hubject^ 
and bptiuii^e it sliows how laborious tlie methorl rcolly h. The .second 
methcxl, tliiit of examining ddldren for enlargement of ilie spleen, a 
tiling whidi can lie done in a minute^ is much easier and fairly triist- 
w'orthy. provideil that iio other cause for tiplcnuinepily is prt? 3 ient. 

With Uie valnafde nssihiance of iJoctor Kurdainatis, pimeral *ecrc- 
lory of tlie Gretcian Aiitiinalarhi Scadety^ and of ilr. D. Sdteehs 
niaimger of tlie l^kc Kopais Company, in Greeccj I was able to 
t>oth methods The company’s houses are ou the southern Ijordar 
of ihe plains dose to the site of the uncient IlaliarUri^ where the 
Spartan Ly^nJer was defeannl iiy the ThelMins, 3!h"i Ik and to 
the n^puted gnive of Aikniene. the niother of liercules. The huu.si*s 
are hidlt just where the sJopcii. of I Id ikon begin to rise from the 
plain j so that they warn obdously not tf» highly sitnated to be af¬ 
fected by tlie inaJuria. Do exnruining 57 of the employees, tnosit of 
whom wert‘ Gi^-ekw we found nn enlargement of the spleen in H and 
Qio piimsites in But 5 uf tliot^' that hnd parasites had no enlarge¬ 
ment of llie spleen, and mtist be added to the infected list, which 
therefore ainotints to 10 out of the 57^ or ufie-thii\l. The majority of 
llK^se people wen? adiills^ nnd many ImJ come from other loculi I itisSj 
m that the ligiires are not useful for statistics. 

Our next care was to exaiuine tJic people in S 4 >me of tlie rieightairing 
villagtH^ Out on the pluiiu aliont ii mile or more from the company s 
houses, there is the village of xMoulki^ crontainingisome 'ifaO inhabitants. 
TbehouR^ are closely clustered together, with very irri-gtihir and ele- 
metitary lanes bet ween them* (roitig to the village inn close to the 
school, we set to work and examined SO pcn^nsi nuistlv children; 
first liy palpating them for enlargement of the spleen^ and Kficimdly* by 
making dried films of their blood for future ^licrosc:^Jpical ine|iiiry. 
The scene was moi^ juteresting. Seated under a large tree^ with the 
villa^" priest m our patron and proloctor, we pricked and palpated 
the little ones, one hy oriOi I never saw^ pluckier children. Scarcely 
one of them even winced at the vivisection. Nearly all of them w'erc 
wiw intelligent, and many gtKJul looking: hut, alas I mfjst of tlieru w"ere 
Jir from well, and some Iwked miserably ill, emaciated and antemic. 
The caUFte was spetnlily revealed. Gut of of the chihlren be- 
twism ihe ugis of 5 monlhs and U year^ no less than 35 werE* 
foiiiul to liave enlnrgid spleens; mul as nti other cause of endemic 
fap enoniegalvt sueli as kala^azar, could ascertained to he pi^ni in 
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Llie locality^ we eoitlil altributi^ Uie e[ilairgi+nje»t Ui tliese rhitilren only 
to nntiurui. Tliis ImK l>eeji fully eonfirmGLl by sub?>e(|uent 

oxjirninatioJis of the blood films, svbich yhowetl that the pjimsiU's t'x- 
(hied in ut least 17 of the 63 clvildnm at the time when the filii35 were 
made. Of these j 5 !iad an Hppn*ciab]o enlargement of the sph_^‘ii, so 
that this numlHT nmst be aiide^l to the tmjiibtT of sphjeri cases in 
order to arrive at the total yielding eridences of infection. lionet^ 
ont of the total G3 children^ no than 40 were f.^>rtaioly infeeted— 
0 ratio of them of fd.r^ per cent. This is^ of course, the lower limit 
of the rutiiK Ijec'^anse it is quite possible^ and indeed very likely, that 
tlie porasites were overlooked in some of the films, J>iich n nitio w as 
Miiex]>eetedly Idgh for any Euro)Jt*an country, and k almost equal to 
any that has been found in Indian or African children. 

I may udd Ihut in many of the chihlren the splenic tumor w^as 
very gnaii, n^acJjing almost to the crest of the iliunn This is iin- 
fwprtant. in view^ of statements recently made in Iiuiia to the elbx't 
that great sjileidc tumor Ls probably doe to knla-aitar, ratlier than 
lo maluria. The fottner di^a^ Is apparently not pre^^nl in Cirecoe^ 
the Lei^himiJifa parasite never huvlng lieen disco vei-cd the re, 

iMorecpver, the Grecian eases were markedly different from the cases 
of kala-a3Kir stmliwl by me in in for the purposes of an 

ofTieial report. In not a single one of the foniirr did we note any 
cilia rgenient of the livci\ Sio coiuiiionly sctui in kala-astar; there W'as 
not the constant fever of kala-a^ar, the expression of the face w^as (ha 
nnconcerncfl cxprcjrSsiou of malaria rather than the ht:Hpelt^ hwk of 
the deadly easteni disease^ and lairtly. the death rate was far too small 
for ihe latter. Neverthelessj the splenic enlargeineni in a few of thi^ 
cases of pure malaria was, 1 think, as great as anything I saw in 
kala-azar. Of course^ many of the children were Khockingly unamiic 
and emaciated—not in any way, I was informed, from lack of food^ 
nor, apparently, from the great prevaleiiw of other dij^^ases. The 
work was clearly that of the spirit of the mar^h, 

Tlie ne.\t thing to do was to find the source of the malaria, or 
rn tiler its tTirrying agents, the local Anophelines. 1 hiive said, the 
Kopuik Plain is now drained and ooUiraled over its whole extent ; 
hiu uumcrous itinall streams enter it from the surrounding hills^ 
traverse it, and discharge into the main chatmels of drainage:, The,<^ 
streams are swollen torrents in the winter, but In the summer often 
become trickles of water with occasional marshy borders here and 
there. Several such streams enter the bosin neur Moiilki; but at that 
season (Alay to dune) we ooubl find no Anophcline lart'oe in them, 
though some have been found subsequently, as we conjectured woijhl 
linppen with the advance of llie dry season. Rut in addition to these 
strtaimlct.s there exists a long series of sliallow pools suitablo for the 
la rVie in the ‘"'borroiv pitej^ made by tlic eoguieeni who couslriicted 
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Lhe niihvn 3 " enibuiitmeflt the pin in. >iiire cinoiiglij in some cif 

the^'o pit^ close to .Moulki we found the the hirvii- 

of JjT n knowu carrier of lun larui. Tlu^ g:fuitst 
riFiiig froiri the ixiols* pour into tlie vUla^ and into neighboring 
hpiiHCS* such iLS of the company ; bccouie lufected hv biting the 
iititiicrolls infeclefl children; and then infect any healthy persons 
whdtn they may snljseqnenllj* bite. The old dnima^ now so well 
known, was ohvio(i5?!y l»ing pliiyett out before i>ur 

Aftcr having ilcalt with Moulki we examined tlie conditinni^ at 
another village of about fjTfj inhabitants, situated soveml htindred 
feet high on the hills south of the c.rmipany-K lioiiHeFi, and cuIIlhI Mai^i. 
Out of 40 ifchool childn*n^ we found ciiLiirgiiiriient of tho spleen in ISj 
niid the parasites of mnkria in IG* Of those that showtal the pjinisitc* 
7 hud no enlargi^il spletrn; so that we inuht add them to mir total of 
infeirted ehildrtm^ giving 20 infecttal out of a tdlul nf 'JU examined ■ 
thnt one half, lliis is a largi* piYjjwirtiont anil we especlet] to find 
R>me hreeiiitJg poob of Aoophelines dose at hand. Tn this* however, 
we failed; thougli we saw some liirip pits which we thoiighl. might 
become mji table for the larvie at a hi ter But, nevortliclcsK, 

there w&s no dilficiilty in explaining the mnlaria at iln 35 i* since we 
learned that en^ry year nearh^ the wlude pupTilation tlcseends to dje 
plain for the harvesting in the month of August (the most malarious 
month) and bivouacs there for days or wtn^ks, Doiihtlets; the pt^ople 
of Mazi lM>coirie infected on these occasion.^* though I snsjjert that 
breeding pook will be found close to tlie vUliige by more extensive 
searcin 

ify time being very limited, we could make c>nl_y hasty studied^ at 
othi r sfiotsi. Across the plain lies the village of Skripou, on the site 
of die ancient Orehoincnos. Here wo found splenic cnlnrgcment in 
exactly ii»lf of 40 sirhool children examined; but had no time to take 
blcKtd films. The viJIuge isi cvnicntB' intensely^ nnilnriiius^n had 

time to look for mosquito larva^ only in otic f^pot, the Ipo^iiitifiil Foun¬ 
tain of the (iraiccs* which gushes out of the mountain ami spreadir in 
a small marsh near at lumd. Here, agaitu we found the sham cl ess 
insects desecrating the divine s]wl. Wliat must have happened when 
the f I races bathed there I can not say. We saw only^ washerwomen 
and geescv 

Thus on tile borders of the Kopaik Plain we had examined 142 
children and had found certain evidence of malaria in no less than 
SO. or fn yNT cent, a very high malarja mte. But we somi fditained 



tlio ,.bin and faciriK Mount rumasais. It begi^, at the ronimitio 
where was the Omde of Trophonios in former daj-B, and where 
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Mil! two i>pring¥i of Lethe iiiitl Jriwjjiosytis—Forgifl fill ness utiii iMem- 
op,v—now flow out of the rook. N'otAvith^'-tHtidhig the height of tlii? 
sitijutioii and the aWnee of any iippurciit ttiandieit otoiiie tu hand, we 
found enhirgeinent of rtpleen in IB out of 100 school chiUiron hero. 
The infection is proliuhly obtained in lower areas oiihside the town; 
but we had no time to make any aenreh for the Anophelinea. We 
spoilt Boine iiourii iiko at Thebes itself. This fanions place, whicli 
used to contain 40*000 iiilinhipuits, now contains only 4,730, Situated 
on a rocky eijiiticnce in the midst of a large plain, the historic Kad' 
meia, it is conHiiiercd to bo fairly liealtby, and indeed we found en- 
largeimcnt of the spleen in only one child out of 50 examined, and 
fiiileil in obtaining any larva* of Anuphelincs in several luiuili pools 
j'oimd the base of the renowncfl citadel. Such researclifti carried out 
Uii the sjHrt wlicre lived Pindar and Epamijlunilaf!, where Theban, 
AMietiinti, and Spartan had frw|uenlly initigied in bntllc* and where 
angry .Vliisander wreaketl Ids vengeance, were “ iif the age." 1 am 
nut ctTliiin whether the little wriggler of the puddles had not Ijcoh a 
worse enemy to Thebes than was the great conqueror. One remains; 
the other has passed away for ages. If Dtogcncs had possessed our 
presH!ni knowldlge, he might have made a still more caustic reply to 
Ills pow'erfiil visitor. 

Thus, altogether, out of 2fl2 unselected children examined by us in 
five dilTcreiit plactjw, we foujid unmistakable evidence of malaria hi 
or. or one-third. In nddition to the children, we examined IS adults 
at Moiilki. As is now well known, ilie mliilt natives of a malarious 
locality U'coaie com para tively liitmune, their apleens returning lo the 
riominl wine, and the parasites becoming estreniely seoixo in their 
blothd. Nevertheless, we found signs of tnnlaria in 4 of thew adults, 
hut, of cuur^, such figures are not useful for estimating tlie endemio 
index. Including all, we found certain evidciicu uf tniilariu iti liiB 
out of 3t>? persons, or 32 jjei' cent. I'lie figures fur the ehihlrcn, how¬ 
ever, give u reliable and high malaria rate, especially when it Li 
rcmembi'red that tliey wen? cullecte<] at tlio beginning of the summer, 
tie fore the annual maturia s^eoson had commcticcd. letter in the year 
the endemic index would certainly have Wii still higher. If, more- 
oier, we bad examined the blood of tlie 200 children dealt with at 
Orehonieiios, Livadliia, and Thebes, we should wrtuiiily have been 
able to odd many other cases of infection to our liftl f while lastly wo 
should romenibf'r that In all cases of malaria the pa raid tee frequently 
become temporarily too few for detection by tho microscotK'. Our 
total estimate of 3S.2 per wut inftHitctl childnm must therefore Imj 
milch below the njaximum nitio, and tuay be looked upitn a# a mini¬ 
mum ratio. Ttie statistical corrections by PoiEiwn’s formula works 
out at 7,7 per cent, no tliat we have finally for the five localities, 
^loulki, llittzi, Urchomenuit, Livudhio, and Thebes, n minimum child- 
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inalnrin nite of per iTiit und 40.0 |>er cent. The truth 

is probably thnt iii Moulki and < >rt:hniii«iios nil the cbiMreii are reiiJly 
luft^cted in the an Lunin. 

Witli ri^gnrtl to tlie tuitiilx-r of breeding pbice^ of Anopheliniss we 
ftiuud tljein only m I wo pooK one iil ^loulki uiul niie at t Jrelio- 

menoa; aiid tiie funner of lliese wsis bnniediiitfdy drnitiefl siwny liy 
Mr. Steele^ of the Ijike Ktvpnis Company, The aeio>oii] however, 
was early. iin<l nor senrch far from exhaustive- Many more ikjoLs 
will, of eoiirse, U* found; but, nevei'llieless^ I hifor thnt the amotiiU 
of brcwUnir surface ^narc mile of country is extn'mely sinalh 
so that anti propagation measures ought to lie corres|K>iKUngly cheap. 

Such were llie restilbiof my own crijservalionfi; and T will now give 
briefly some figures which 1 obtained for Lhe whole of Crt^e. 
Within the last year or tw-n there has l»cn founded at Athens un 
atlmirulilo malaria twiety for ihe: study of sii<4i (pirsliouHp It is 
under tbo putronage of Hin Majesty the King of Grcecoi and con- 
iihrLs of inuny enthu-siastic tnendiei^. One of thetie is rny frieml 
Doctor Savas^ professor of h_vgieiie at the University of Athens 
and jdiysicjaii to the King of Grei'Ce^ and I he general secreUiiy h» 
my friend Doctor Kanrlomatb. who gave me so much assi^tancie at 
Lake Kopals, 1 can ti^iify to llio (x™pleto knowledge of the sub¬ 
ject poi^sc^cd by both of these giuitlemen—whom I nicnlioti more 
particularly than their colleagues, because I w^as lirought more 
especially into contact with them—to their 3Eoal in the caiisoi and to 
their philcisopliio grssji of the imporlonre of the malaria cpir^^ticm for 
their country. From them I obtained the following approximate fig¬ 
ures for the whole of Gnjece: 


If PCI of t i rotw___ __^ - - -, -. ^ 2. 4^13, 

Averaitre aamml iiumtpor of caskrtt of millarln ___ 25C^.on^> 

Avora^o anuiial iiiinLbdf of ilenthii from maEarla _ 1, ITJO 

NimilfeT of enH.*# of iltirlaa ___ 

Number of deatba from tiiulnrb OnrUi}? 3,010 


These figiii'cs are^ I Ihinkt as sound any that can 1>e collected 
from stutistics. Malaria b» a very cliflicuU disease to deal with in tliis 
way, because it does not cmisist of a single severe attack demanding 
iiimiediate medical assis^tance, but nither of a series of compHratively 
slight at Lacks extending over a jjericMl of yearsj and* iiioreiiver, ota^ur- 
ring )irinripally in young cliildreiL Muriy rases do not find their way 
into the returns a I all, whilr. on the other huud^ rela[>ses must be fre- 
ijiiuntly enteml as fiicsh infections. As for the death-rate* compara¬ 
tively few tuses die simply of malaria, but many are carried off by 
iiitercarrcnt pncnuionia or diarrhesj or perish gradually from 
anaania* under which headings Lhe mortalitT is often na:or<1ed. The 
figtifcvs given alKtve, however, figree entirely with inv own c^titiiute of 
ihe endemic index round Lake Kopuis; and 1 believe that if simUar 
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cnult] 1 h‘ iiR-tl iill civi*r (ircwc—if nil iho ('hililr^n in the coun¬ 
try fouki In? 4<xuri lined—it would f» found tliitt sin extremely I urge 
jtroport ion of them nre constunt ly infect«l. Lojft ycur was u very bad 
year, with a mwded death rale of -2.4 per thousimd of the pupuln- 
tion. Xor is the muliiria of u lienign tyjw In Greece, On the ccjnlniry, 
I was iiifonned by all tlie gentlemeii niontionetl above, aiul nl.so bv u 
tiiiinber of medical men whom I met at I’helies and Livadhta, tliat 
pernicious attacks are very cwminon, and that the most serious form, 
tliat of blaclcAvater fever, is csiremely common. Such facts are re^ 
corded aLsfi in the writings of Kardamatis, Savas, and other able 
Greek observers. The disease is iherefon? estreiiiely, if not siiock- 
iogly, rife in tlie country—much mort* so even thiui Ui Italy. Doctor 
Havas told me that from some statistics which he had studied llio 
niitiil>vr <if cases and dentils in (trcecei nre half again as ninncroiis as 
in Italy for equal niinibets of people. All species of the parasites ans 
to be found in Greece. In our own studies the mild tertian parasite 
occurred most frequently, the so-called lualignant apecies next com¬ 
monly, and (he quartan least of ail—hut not rarely. ^Vs I hni'e said 
blackw'ater fever, the worst form of malaria, has been verv common 
in Greece. Regarding the s^>cies of Anophelines, which ciirrj' ma¬ 
laria in the conntry. Doctor Savas told me that out of LS3S) of these 
insects 1,77S were found to be AiwpAeies tiiuciilipenni<t, 21 to be .Ino- 
phefes biftirratuny and 20 to be /‘tfretophontfi /fupfirpktua, all well- 
known agents of the disoise. 

Now, what must be the effect of this ubiquitcnis and everlasting 
incidais of disease on the people of modem Greece? Reinemlwr tli^ 
the niahidy is essentially one of infancy among the native population. 
Infecting the child one or two years after birth, it persecutes him 
until puberty with a long auccesaion of febrile attacks, accompanied 
by much splenomegaly and antemia. Imagine the effect it would pro¬ 
duce upon our own children here in Britain. It is true that our chil¬ 
dren suffer from many cojuplaints—scarlatina, measles, whooping 
cough—but these are of brief duration and transient, But now add 
to these, in imagination, a malady which lasts for yi*ars and may 
sometimes attack every child in a village. BTiat would lie the effect 
upon onr populatiou, esficcially our rural population—upon their 
numbers, and upon tlie beallh and vigor of the survivors? It must 
l» cnonnoits in Greece. I'uople often seem to think Unit such a 
plague strenglheiiii a race by killing off the weaker indis-iduals; but 
this view resb- upon the unproven assumption that it is really the 
weaker diihlrcn which can not survive. On the contrary, cxperiem'c 
seems to show that it is the stronger blood which suffers most—the 
fair northern blood which nature attempts con.9tantIy to pour into 
the southern lands. If this bo true, the effect of malaria will Iw 
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cortstaollj to pe^iist tUo ittvigonifmg iiiHux which nature hiij> pro* 
vided; and there are itiuny facts in the Jiistory of India, Italy, and 
Africa whicli could Ite hrongtit forward in tsupiiort of this hypothesis. 

We now cotiie face to face with that profoundly interestinj^ sub* 
jwt, the political, economical, and historieiil significance: of this groat 
ilii^nse. e know that malaria must have existed in tirccce ever 
since thu time of lliptxicratcs. about 400 B. Cl. IMiat effect has it 
had on the life of the countrj't In piohistorio times Greece was 
certainly peopled l*y succesdvc wnveM of Arj'an invadet>i from the 
north — |)rohahly a fuir*haired people—who made it what it becatue, 
who conipicml Persia and Eg^'pt. and iivho created the sciences, arts, 
ujid philosophies which we arc otdy developing further to*duy. That 
race readied its climax of development at the time of Pericles. Those 
gnail and Ixaiutiful valleys were thickly jienpled by a civilization 
which in some ways has not since been cxcell^. Everywhere thero 
were cities, temples, orach's, arts, philosophies, and a population 
vigorous and well trained in arms. Lake Kopais, now almost de¬ 
serted, was surrounded by tow-ns whose massive works remain to this 
day. Suddenly, however, a blight fell ovw all. Was it due to in- 
teriK'ciiie coudict or to foreign conquest? Scarcely; for hiatory 
shows that war burns and ravages, but does not anniliilate. Thebes 
was thrice destroyed, but thrice rebuilt Or was it due to some cause, 
entering furtively and gradually sapping away the energies of the 
race by uttaeking the rural population, by filaying the newborn in¬ 
fant, by seizing Uw rising generation, and esjieciolly by killing out 
the fnir-huired descendant of the original settlers, leaving Iwliind 
childly the more imintinized and darker children of their captivi^, 
won by the sword from Asia and Africa ? 

Those wim have read Dr. W. North’s fascinating book on Poman 
Fever” (Sampson l.ow. ^farston JJ C'a, 1806) will renicnilicr the 
siiggeHtioD that the depopulation of the Campagna was due to the sud¬ 
den introiluction of maluria by the nierceiiaries of Sylla and Maritis, 
and so recently as 1866, ai> wo knovv from the works of Dex'tor David¬ 
son, of kdiiiburgh, inalaria entered nnd devastated the ishtnds of 
bltiuritiiis and Bcunion. either the mofi()uito or the parasite having 
lH>en tJien brought in from without- Similarly, could it not have 
been introihuwd into Greece about tlm time of Hippocrates by tlio 
numerous Asiatic and A frican slaves taken by tlie coiiqiierora ? Sup- 
pesing, as is probable, that the Anophelines were alreaily present, all 
that wa.s required to light the contlagration was the entry of infected 
persons. Once fstarted, the disease would spread by intenial inter- 
courec from valley to valley, would smolder here and blaze there, 
an^oidd. 1 thmk, graduaUy cat out the higii stmtii gf Uie northern 
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I can not imagine Lake Kopais, in ita present highly moJarious 
condition, lo have been thickly peopled by a vigoroiis ruce; nor, on 
looking at those wonderful figured tonibstoiu's at Athens, can I 
imagine tliat the healthy and powerful people ncpresenlcii upon llieni 
could liavo ever passed through the ann'mio atul sptenomegalons 
infancy (to coin a word) caused by widespread inalarla, "Well, I 
venture only to suggest the bypolhesis, and must icuve it to scholars 
for confimialion or rejection. Of one thing I am confident, that causes 
such as malaria, dysentery, iind intestinnl entojsoa iirnst have modified 
history to a much gnuiter extent than wo conceive. Onr historians 
and economists do not seem even to lui^*o considered the mutter. It is 
true that they speak of cpideraic diseases, but tiio epidemic diseases 
are really those of tho greatest importance. 

The Slime cause works the sumo evil in modom Greece, Tlioiigli tho 
couniry has Iwn freed fnim the Turks for seventy years, and enjoys 
what iis considered to be (though personally I doubt it) the liest form 
of government, yot its population has not increased very much. 
Alheijs has about 130,000 inhabitants, and Patras, the next largest 
city, nbout 40,000; and the other towns are senredy more tlian large 
villages. Tlie rural areas contain small and poor, hut not destitute, 
hamlets, but what strikes one most in them is the ub^nce of villas 
and of lai'ge hotels. Few of tlio wealthier people seem to live in tho 
cx)uiitry, A gentleman of Athens told me that he bought a sliootiiig 
Iwx, but that he was attacked iiy malaria when he went to stay tlicre. 
ITie inns are ooinparutively small and shabby, and not likely to bo 
frequented by many modern tourists, and tbe methods of commuiu- 
entiun are priniitive, Tliis is very surprising, because one would 
think tliat siicU a country would be the Mecca of all tho tourists of 
Enrn{>c and zVmerica, who would pour their Hullioiis of pounds into 
it. just as they do into Switaerland. But, of course, llio reputation 
of iiriheaUbine:^ pnssciSied by many of tbe rural tracts is fatal; the 
tourist thinks twice nliout going to them, and the innkeeper hesi* 
tales about spending his capital in u locality where be and his chU^ 
dren may expect to lie frequently ill. 

The whole life of Greece must suffer from tliis weight, which 
crushes its rural energies. Where the children suffer so much, how 
, can the country create thnt fresh blood whidi keeps a nation young f 
But for a liamlet here and lUert, Ihose famous valleys are deserted. 
! saw from a spur of Helikon the sun setting upon Parnassus, Apollo 
sinking, as he was wont to do, toward hia own fane at Delphi, and 
pouring a flood of light over tbe great Kopaik Plain. But it seemed 
that he was the only inhabitant of it. There was nothing there, 
“W’ho,’' said a rich Greek to me, “would think of going to live in 
such a place as tliaif” I doubt much whether it is the Turk who lum 
done all this. I think it is very largely the malaria. 
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Now, t^gariling Ihc remedy. Science has, of course, shown abifu- 
lidcly that the diiioase is carried by gnats, and, in doing so, has indi* 
eated several metliods nf prevention. First, there is the nietliod of 
otcludiog gnats hy Uie careful use of mosquito nets and wire-gauze 
screens to die windows—useful for the iiouscs of the rich, lint too 
c^ly and troublciwme for tiie poor. Then, there U the method of 
Koch, the cinciioidzation of all the patients, by which they them¬ 
selves arc benefited, while the gnats do not become infected an*d there* 
fo^ do not Spread the parasites; hut this implies rigorous dosing with 
quinine for months—a thing which puileiits and the mothers of chil¬ 
dren will not submit to. But the metliod which I first suggested and 
dabomtei] in 1811!), namely, the reduction of mosquitoes, is the one 
W'hich [ prefer, and the one wlikh, after seeing the conditiuiw in 
(treece, I jirefor more tliim ever. It is, of course, the old Uuniau 
plan of drainage against malaria, with this Important difTerencfl, that 
we nrv now no longer conipclted to drain tlie whole surface of u 
malarious area, but only those small pixiU in which the Aimphelines 
hrwd. This metliod has tiie inimcnte advantage that it can laj car¬ 
ried out by local authorities without troubling the [KHiplc; while in 
the end it is sure to be more eeononiLcal and lasting in its effects than 
other melhodii which, I think, are apt to cause waste both of money 
and effort. To Cirecce it Is most especially applicable. Tliere, the 
rainy seni^n h the winter, when the mosquitoes do not breed; so that 
in the arid summer they ran fiml onJy very few suitable brtwling 
pools, So much the easier and die.ai>er will it be to treat these, TJiev 
tsin lie rendered uninhabitable for the lar^’ie by drainage, by filling 
up, by decaning, by ilnigging the weeds, and in the hud resort by 
periodic oiling, \niere carried out with intolllgcnco and loyalty, us 
111 llabami, ilie federated Malay States, and Ismailia, the work has 
proved oompanitively easj’ and dicap, while the rraulla (now so well 
known) have been nf the must brilliant kind. I think that rrrwce, 
owing to the scarcity of piirfacc water suitable for the larva? In the 
summer, will Ixi easier to deni with than any of tJie^ places—ensier 
nven tlian T^alUa, with its irrigation system. It will Ik; strange 
tndmi if so intelligent a nation can not curry out such sirnplG mens- 
urto in ord^ to rid il^If of a plsguit which has oppressed it for ages. 
rho Greciaii SlaJaria Society has tminmeticed the work with energy, 

I itts intestigated loiail conditions; has I^ied numerous tracts to 
the people; has urged railway companies to screen stations, and Gov- 
emnicnt to undertake drainage. Doctor Savas suggests government 
regulation of the sale of quinine in order to Improve and cheapen 

only along Uia t»d of the Ilks®, the stream bos been “ trained - in 
many place^ Pr^utly I hoi* shall see a survey made of tho 
mulana and the local breeding place. the whole of SrL pr^ 
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panitorr to n goncr^il onslaught on tlie foe. When I was hi Athoox 
I bad the pkasare fif s|.>eaking to SI. Tlieotukis* the pFemier. and Mr. 

the pre.'^ident of tlie chamber, and am sim* that the Govern- 
ment wdll do itis Iwrst to .Ktip[xirt tlie campaigti. But the ^ioc^ety wiU 
have to figlit many eiiemies, chief imiotig which will lie the incredulity 
and indiffi'i-erice of the [>uli]ieL 1 have therefore suggested that w e in 
Britain may help it hy doing something to show our support of it- 
The Liverpool School of Tropical MefJiciue has accordingly offered 
its assbtancci w’hich has lieen accepted by the King of Greece; and 
tinder the patroruigts of Her lioyal Highness Princess Clirislian, we 
have opened u liM of supporter^ which now includes many eminent 
tianies, Ibeginning with thosi^ of the GnH^k luinislcr in IxiTiilnn, the 
Briihdi minister in AtlietLs the piv^idcnU of the Koval Society and 
the liridith At^ademy, the Royal (’ojlcgi^ of PliyHicianw, and many 
CJret^ks residing in Britaiin It often hapfiens that a little foreign sup¬ 
port will do more to enironr&ge ii caijst^ than much local effort can do. 

’iV^lien matters arc jn pmjH^r train, every year will see the removal 
of a niimbiT of the Utile niarslie^ whicdi are ho injiirioius to the 
country — every year will see u decrease In tlie uiaiarlu* 1 venturQ 
to say with confidence that, give us but tlie no[a?stiary incons--and 
w’e do not rtspiire mucli—there is no c<nmtr>" in the world from 
which wc could not extirpate the dif^eose, Iliiheno we have con- 
ten terl onrjielveH wdth lUminiohing it in isolatenl towns* l^ct us now 
deal with whole nations. Remember that it hna actually been ban¬ 
ished from (ireat Britain,, almost hy unconsidoibi agencies. IVe have 
only to imitate th^ise agencies consciously. What a triumph h w ill 
be for that gv^ai science, of which all of us arc the humble votaries, 
if she can wdpe out this rniasm. this tlcfilcment^ from an entire coun¬ 
try. 1 wdll not: hc^ituto — mvh is our uinbition. And that count rv 
- » 

is Greece. 

i asked a Greek friend why Ida countrymen did not reiiiore rhi^ 
Parthenon, He replieil it was hecausv they w'ei-e unwilling to touch 
the sacred ruins without the a.-^sent of the whole worlds to whom 
they belongcfin .So aim Greece txdongi::: to the whole world. ^Ve all 
share in her trouhles and should do one tet to relieve them. Many 
years have pus! 5 eil nince Bi.Ton gave his life for Greece, lie attrib¬ 
uted her misfortunes to loss of liberty. Perhaps so; but I tliink 
that m enemy more inveterate than the Turk has also destroyed her. 
Xot leafit among the nations., Britain has studied to help her against 
her humati enemies. Should we not help her now against the more 
potent enemy w'hich we have discovered- That science whichj more 
than two thousand years ago, she created is at our side urging ns on. 
’SVe ha VO no doubt of the result’—we need only to nerve the arm to 
strike, 
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Gentleinen, it wus my gciocl fortuno to other day nt & i-pot 

from wliidi con be ween witiiin the birthplaeea of science, 

philosophy^ the drutPa^—of Euro|3e-, of our moderu eSvilina¬ 
tion. It was A great rook risitig iii the suidst of a city buUt on a 
plain—not a bouiidJe:^ nuiiden^ting expair^. hut tt plaui, defined 
ns such by a cincture of bcniitiful mountaimu T linvo known muny 
of the loveliest scenes of this woiidorful carih, hut nothing alto¬ 
gether diunl to the Attic plain. The rock ^vas the Acropolis, and 
the HCiting sun flooded it with light. Upon it rose those ruins 
which art? nnsarpHsiSahlOt unpamtnble, and indescribable^ ta'caitso 
they were builtj not only for theniselvest but for the Tisions which 
surrcJiinJeJ Ihcni—the Propyla>a^ the Erechlheioiij the Pariheiicrn. 
And who was the gnd for whom that temple was built—which 
of at] those gfHlH, who arc not dead as sonic iiiiagine^ I ait iivho 
live now and will live forever until^ m the poet Fays, “the future 
dares forget the who Vivo because they arc the vverhtHt- 

ing typ^ of oiir own spirit? That goddess whose birth and ^uctorj" 
were recorded on the petiimcnts of the Parthenon, who sprang* 
not from the comnion aygosk of nature, hut full-annid fmm the 
head of Zeus, at the touch of fire and toil, who conquered the deep 
himself. Study her attributes |)crcoived and recordctl in legend by 
the sages who lived before history was lx^rlu and we shall kjunv her. 
Without human weakness she led Ulysses through the fhitigets of thr 
ds^op* she gave Periii!n 4 i the weapons with which he alow t]jo nioiislvr 
uf the dci^p, dcittroyiHl the city of the deep, she made Athens 
triumph over the deep* and lo-day hass liftCEl man in u few ceii- 
tiiriES from the detqj to heights unimagined before—science hcr=c!f. 
Tile Parthenon was the temjile of scJeuce* ’'Fhe great figure of scicjicc 
standing Iwforc it domitialed the wdiolc of Greece* At its galc.^, 
event stood the figure of Ilygeia, the science of health, whom wc now 
invoke* Science is the goddciss whom we serve, m did the oncient 
Athenians, localise we know tliat she and she alone can save us from 
these elements of the deep which op|iress ns, are her servants* 
We honor not the leaser gfHls—the quack remedies^ tho sham philan¬ 
thropies, the false knowledges, the mock philosophies, the whining 
pities, the lying politics which keep men dovm in the depth.^ W« 
acknowledge only the intellect which secs the truth and the 

evil* Ij 2 t us pray Pathis Athena to revisit the land where slie was 
bom. 
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In tht jfiflr 1750 Linn^, in ]m Riig]g)e£iiri[L^ iih to Tvlmt truveUng 

natnroUslri Hhnii]{] ol)tseri’eT miiong either things^ 

After lie [the trftTeliTf] iiAS eouiiiieiieeil litn jnnmvy am! liaft tnuui- 

ptauted, flo le «jKisk, in In ii iiww worRI, lii- AtiPUlil consider U hia duty to elit4erv« 

uveiytMiiis, not or at mtiilomp hiii m itnu iiotiilnK wUj jibi 

vtiilqii anil Jilerl attetitji^ti. in ilcwrltvln^ ln*^ nns^ft tf£iir£>nvnr to 

eleiik't initiire hu falllifiil^ tUnt lie wbo reads tliu cieSL-rhiUtin unisil: m-etlfl lioUel^e 
lie Is liehoMIui; Ihe tety' tiling hlujeelf. 

• * * 4 « « 

All his Jaiirneya hadj however, Iwcn cDnipleletl when the alxive- 
eilvil iiistnn linns wort* given, us |iJ» Uisi journey, iliot to Skilne, w'm 
made in 17411. I'’')tini this it may lie coneliicliHl that his siiggesliuins 
were bawd upon the ext^rienc'e gainetl in his own travel.^, nmi it h 
tlierefore intenstting to read his detaite<] instnictians c<>nceming 
geologioal investigatbn. Sincie at that time did not exist as 

a ^parate sdence these prerepbi will be found partly in the eighth 
jMirugraph under the title ^phj’Hici}" and partly in the ninth para^ 
graph tinder the title '* concernlug the mineral kitigiloin,"’ 

Krotii the fotTocr of the^se paragraphs the foil owing may lx; quoted: 

Rocka, e«^lally Ktratifled eurtli ujiil jitoiK?> ^oulA lie elioimlacil wluTcrer 
aubtemttcan erfittma^ BlumSd nbw be exiilDT^l, au tbo la iter are liable 
to ODtitAla objects wunby of Jaterefit, TEicsc, tiSr well ah oLtwir iilaceXp nbouia 
lie examined Cor Indlcntioiis of ibe donrense uf wolur er of the of land 

Paragraph 9, ** conoerning the ramerat kingdom ” is here given in 
its entirety: 

The eonnafin vaiiellco of eartli! tmsx, clay, samh prttvel, and cbnlt, wdlb tbe 
relative atnoutifiv aura compoBltlaa of eurh, Tlie dlffi^reat klntLi of atone: Thofle, 
ns a nile* vaiy In dltfereat localities and atTonl jiii liujioriiiiii clue to the iiataro 
of tbe tinderJyin^ roctfl. The firllitlj^il roclca ; .Sandstone, fllut, slob?. llmoalocLe, 
tale: AissIomeratlonB of at one. auvli n3 fAnlavtlteti; bop ore, ete Fdfslle, rare m 
well as eoninioti. Ores of ruriona klads with tbelr valuable mtaeral InclneloaB. 

flTmnelatloti, ooiidrn^ liy jjemilAaioti, from Carl ton Lluni% 

At A. Q. NutliorBL Mcnl a tiiflor* Upenlap ItWT. AlmqvLst A Wlbaellfi Boktry- 
t*|ceri-A.-n. 
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Tho Uiu ■clSfr<n’(i4it ISIikLh of n>L-k {LlLbo^ouc^^ nti* Xsh h%^ ciinh 

fully stiidl«^ In onl4>r Ihnt iktK^c^rvntliiiiK luny li^ iimiU' t« PA|>lflln tJao 

(If^rli'otEou of tile rwekit uml tH^rtleulurly tLo otoB. StH^’liueiiM of ore i?bi>iitd bo 
fllllgontly cotleeteil nnd prfbvned. 

Aitliough iljes=ic instniction!^ internikd for tritvelers in foreign 
cfiuntries, it quite evident llmt they were inleudeil to apply witli 
eqiiiil force to those who Iravelet] within the mother country (Swe- 
tkn)* a iiccc^iti" which Linne had emphai^iv^e^ in a special lecture 
ddivere^l in 1741 . 

He says in this lecture— 

NuH-heri' a!in>ra!l luitp [ funarl a rcclon richer than cuiic <pwii i^jtiutry ^n The 
U4iiripl-'< ipf niitarp; aiiuv hi Trlihrli Jier an« mv ataarroui^ nr jiithailBh- 

IhF, 

Anti in the instmetionSf part of which is qiintid alx>ve, the traveling 
iiKturajlFd is ex[>ressl3' enjoinetl not to leave hk own eoiintn'- — 

□ntU lie lm.n ariialreil n itircirauub kTa>wle<li:e t>r aatumi liljitery nail him scrii- 
tlair'd the I'urSeuH |iarta ef hEec owii enuiilry; It» evnjer that he may liol, bo lu 
KlH^ak. cokss ihe stri'aui for water, and waBto hin pimney enuleavarhij; lo team 
til ft forelRii wiiutry w3mt he uiSpht have at-qiitrecl at haute aail for alaioot 
uothlaj^ 


In add]lion tti what immediately concerns the. niineral kingdom, 
the instnicliofis con lain precepts concerning notes atid observations 
to bi^ inacle within various other ilepnrtmeuts of sciem^e, geography 
and physics, E rot any and Eijolog^^ domestic economy, patliolog}', 
dieteticsj etc.A given for the purpose of illustrating hi.4 introductory 
stntenieiit that the naUimlist ” fdiould ntricn'c every thin 

This rc^iuirenient is of particular value to the geologist, who must 
draw his conclusions of the past from present t^onditic^nSt since the 
more familiar he is with uature as it now appears* tlie more clearly 
and correctly will he l>e enabled to interpret the happenings of remote 
ages. Under such eirciinistanoc-s it is but natural that Lium-s pre- 
etninently a naturalist., who manifested an espial Interest hi every 
phase of nature* should have tieeorde<l his name as well in guKi- 
logical annals, although until recently this fact has not been justly 
recogniKeil.* 

At the jjerind when Linn^^ was pursuing his academic eurriciilnm 
the difference:^ of opinion ns to the nature of the fossils to la* ffsund 
iii rt>ck strata, difFerencts w^hich hatl prevailed since the days of 
Aristotlci had lieen so far settlerl that the foi^ils were, no longer t'on- 
sudered as accidental fonnationsT or fn^aks of iiaturet but were quite 
generally recognizetl as relics of animals and plants that hod formerly 
existed on the earth. Another cotnnion vieiiv, iKiwover* anil one which, 
m ^eeigl^nth century, operated as a stiiiiibliug bliH*k in the devt l- 


^ ntjv^jaihE«l lu SwfcHb'ii for ihi* am itto.- by A. 4h Natlionit, - JorUeoa 
Turin, ^a. 1 , np- !HS—la. HTaekholia, ISH.^ 
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opiuent of geulogii’til (wiejjc*, was (hut fossils roprosented beings that 
bad iK*risiiErJ in the “ dehin^e.’* Linn^, Ivowevor, did not share this 
opinjoni and, ns we gJinll timl luler, juit himself nn iTOord toorc tlinn 
onct: as opposed tn it. It does not apjwnr that he doubted tiie biblical 
version of the gi\>jit flcsKl, hut that he Ijclieved it had tnkeii place 
before the omtinents had reached their present niognitiide. This 
view was advnncwl in his It'cture on the growtii of the hnhitablo 
globe, an ocliiresi delivered iti 1743 at the cjonferriug of the degrees 
of doctor of tuedichic nt Upsaln: * * • 

* * * t’renii nlJ tliSa 1 l»cltave l may safely <lmw tLe coorlanloa Uuit llie 

jHtrtloii of ilw litral alarirn itii< aurfjicc of tlie Hfta Ts ymrly liicrenslua: cu tint 
urbifT ha till, Uuit It wiiH formerly macli i^aiiiller, and tJmt (ft the bcgliiiiini; Jt 
wftM nwrelj- a liny Islaitii, n(nin wlilvL. im tlmuali ia rnnuentmted form, was to 
be foauil (rtorytbliu: that tbe oU-bouatlfal frwitpr Lmi desUnvi! la Ixf of iiho 
to umiikliKl. • ■ • 

!h ft rmllhle ihiti iliD Cm! or of tbe worltl Hiomld flil tbo twrt.b with an tain la 
(pftly lit deitimy thum all wJn'rtly aflcrwarUa ihnnipli a i}alii};e, with tbe ««■(> 
lion of a siaFitu ijolr of caeL ejlevies, iireservi^i in the Ark? * • • 

****** ^ 

Although Liiiiie hnd entirely etuancipated hliiisidf from tlio pn^* 
vailing opinion ns to the connect ion of the " rieluge'' with the for- 
malioii of the wil and the strutified rocks, Im. in common with his 
cohteniponiries, had nn ndeipiatc ismccplioti of the etiunnoiiH length 
of geological time. Otherwise Iio could not have fixfti the time fur 
the formation of Iho land at n period siihscrjucnt to that of the deluge. 
It Hhoiihl, however, la; ailniitfcd that during his jonmeT in Skane the 
tremendous periial representing the age of the earth may at least 
have diiwijcd upon his mind. Tins Jotime? was iimlcrtaken in 1740, 
or siA years siiljscquent to his lecture on the growth of the habilahle 
globe, wherefore the esjx'rience then gained could have had no pos¬ 
sible intlueiiiHj on his discourse in lT4ti. Still later* Linn^ esplsined 
his position on this subject clearly mid t-xplicitly, as follows: 

Not stioftM lltholftsy be uiifnmchil to Ltanf*. tlo was oue of tbe nrat [ind 
one of tho moirt: jimmliieitt to cflUl uttentloi) to Uio of tlie wflwr nnd 

tLe e^r^iuflou of tlic conUn^Mitii, cnlnj? Imek to the tliUH of PAmiilBiL Ho wniiM 
even Imvp belleftnl the eisrtL to bo obler ttmn the CbltieAu believe It to he, lind 
tlie 5$cr*fjturei:« niknred It. 

• ■ * • > • • 

Linnc's idea thnt the growth of the continents occurred only sub¬ 
sequent to the “ deluge ” led him to quote, as proofs of the decrease 
of water, evidences from such widely separated periods as the Cain- 
hro-Pihiriaii oij tiie one liand and the Quaternary on the other. This 
error, which iiad alriMniy iieen committed by Swcilejiliurg, was not 
tin iinnatnrnl one for the lime, and it mu.st not be forgotten thal the 

I* .tfEcIloai A„ ■■ aatekolajnir nf Carl IJuimue om alif sJelf njf.'O 

antttBrkiibieiiir wh p, 213, Upailn, W3^ 
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writings in which Linn^ expresM^ci liis Wcws on geology wtir«, witli the 
exception of Llic twelfth wlition of the Sj’stema NoturJ.', jiublisheKil 
before 17(30, and the majority even before 1760. Hy tills time he wiis 
proliably so engrossed in his botanical and zoological labors that he 
could devote hut little time to “ the mineral kingilom.*’ • * • 
*•*••** 

For the sake of brevity it may be advuiitagcuios to collect Limit’s 
geological observations mu I reiuui'ks under the various subjects with 
wliicb they deal. 1 diall coouuence with: 

Tiia Question of of Water” on Ghowth of Land, 

In his review of the Lapland journey we find the following obacr- 
vstion from Melsinglnndt 

At BprernJ uu ihc rtkad from NJ<]lAiis!er to Brlufftnil I Hflw a rlolpt- 

civy wliJeli waa uiiecl In fi:>rtSllalii |5 * * ** tbe Ian at 

I^Hund und UudlkaviiUl I ww \^]vuty yf thv. vloJiM iilny, a irf 

whlfrti inmUi Im awii In tllr alKlu-a 4if iho imMjr • ■ ^ Id Hiln my ilit^re 
tftnJilI. wlilte, fairly Kiiionm ttlii'll« iTcUim FHaffirnImt u\mi 

L'ltHw t 5 XHDhlnnlIiiii thf ¥i«lt•E^wl^^‘<l twirt ttcemed t<i nw to 1» comiwtjd of hmwii 
poch fiP uImhiihI on tho rrfH/ljr). It Jfl nlfMi my Hrai 

boSfrf ihfit nil tUrw iIoIIh nuil formofly funupd tlii; wca iMstlom aod tliat 

iJjv Inp of tliu niGiintfliEi vem on(.*e n visltilo r^.f. 

This quotation is (if Hjitcial intere5ta silit.*e U is tirsjt UistanciJ in 
whicli Liniiti cites an observation of his own as proof of a fomier 
lii^rher water level. Thai he was partieulurly inteix^ed also in thn 
qneslioii t>f tile decrease of water ■' is evident alstj from his close 
connection wiili -Viiilers Celsius, who, the year Ijcfore (1731), had hud 
XL high-water mark cut in a rock in llie vicinity of Ciefle as a jgniJe to 
l>of>terity* In his siMch on tlie growth of the habitable land (1743), 
Linnc reverts to the following ohservation: 

Ttiu conclilfeTODs earth CDEiinK^a lo HelBlnii^lnaij Is cxcluiilvely coronowd of 
biim''ult^ pieces of a flheli callod “ J/i^rWuA." U Set hwever, a Aioll-ttnown fact 
that the«e Bhellfl csist In the ntid not on dry liia<L 

In the CEconomia Natune (1740) he says: 

The lunnmeniUle pbellif now IjInB mai^r nsllofl from (be penfliore. in tbe sail of 
Helping]und. never lived on dry Inod^ but in water. 

**#««*« 

In the dcscripiioii of ii’ts journey in Dalecnrlia there is a very re¬ 
markable slaterncDt — discussed by myself in l&DO—concerning a phe¬ 
nomenon that has only l?eeii satisfactorily explained wdthin our own 
times. In his diary for July 20, IT34^ linn^ writes! 

Wlii*n at Griifx'el Vpln ^toontalo, wo ooaM sco* oa tlte eftfit aide of tbe 

InTtOH tieai- 1^1 m Pvak, botlalfintal rldocfl alooK tbo Plde of ibe iimk blBb 

btKkic the lake. rldKes wliidh WfU* fuilij lo hnve ln^oii forutnl by llte rbslug of 
1U4> wntt^r luimiMtJtLtt ly ofE^fr tbi^ ileUiB^>. 
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Tlipfe Aviis no further reference to the i^iibjrrt, but Linn^ Tnentiona 
the niiitter e^in in the lecture previously referred to: 

In ihe niDimtdln^ of Dfil^rlk am\ VrIii wlieru rdlni Pmk mi- 

loliiH GrGt^'cI ttie (Sfrteni |mrt tbe moantiiLn is groorett and [hilldbed, 

«ttm el^is of wave Dctltm. 

Thiii ob^n-jation irns certoinlj remnrkable^ as Grufvel Lake, dtu- 
nted on the border line Ijctwecn Dalecarlia and Norway, is Tt>l niotera 
above sea level. • • • 

Not untiJ 18KI was ihe true explaiiatiun foirnd. * * * Tlie truth 

is that Grdfvd Lake lies wjiene the inbiml ice—because of the fact 
that the gathering ground of the glacier lay to the east of the water- 
shedt wild tiecause of the fact that the glacier uiuved tow arJ the latter, 
L e*s fi’orii a lower to a higlier Jevel—tlainuied ijiany lakes and river 
Valleys and fonued lakes, tlie existence of w'hich has becume known 
only by the old diore lilies high up cm the uioiiiitnin sidcs^ • • * 

As is well known, the Journey to the islands of Olaud and Gotland 
was iindertalfen in 1741. His route took him from StocklvoliUt 
through Sudenuannia, Ostrogothiii, and SmiLlamd, to tho town of 
Kalmar, tidicnee he sailed for the islands. * * • 

It was in tliesc idandFi of the Baltic that Linnd wa.H to find the most 
unmistakable traces of a former higlier elevation of the water. Ife 
observed tbe raised beach on the eastern aliore of Oland and how' it 
wan blotted out in plaees and could be recoguiiicd only by blone and 
gravel formations. On the northw-esterii side of the island he no^ 
ticed how— 

tlie Mfl wna tlirowlaB Up awaU iluaes> about ranlii wklc nnd a few yiiftU 
bbti. a AlicrL OlBtance from tbe mala beaeb. aaU comiKticd moatir uf 
etofiE^ bore iitlil tiiore coa»olEdJLtcd by na nceuniiiljillon of seiULuen^ It caa 
tboB be Been fbat the Baud bs hUH luettaiiilai^ aud that ticw tKadicB are coa- 
alautly bclag fomiod. 

From the northern point of Ohmd another instance may be quoted: 

Tile riohU of Neptune \B a mod name fc»r tbe etreteb of land whteb extendfl 
alunB tbe ccaat far nearly a uiUt frotij Torji, I| hi about an wUle aa tbe mage 
ef nti ordlmiry anuptad. and ueveml uudi In tenet li. Tills m-ouad luoked like 
tbe DniBiiiiry cultivated lleldij of iShiLae and Upliind, where there arc ninuemuu 
drainage ditched; ludecil tbe lUhCuess was bo ^-nt Hint one mlirlit even be 
tempted te loBlet tbat only tbe lilow could have created sneb on etTbeU Butt 
u^vDn elcwe inspectlnn. It yr&n fotmd to be eom|>cjseil almost eatircly of finely 
^tmd dint jtravel cast ^uTand by the stonuB aad waves tif tbe Beo, Wtien the 
wnter retreated, tbe pvuad closely reBemblcd a jilowf^ bokt 

Although he does not state w heUter ihe ndgr55 run juinillel with the 
coasts the description evidently refers to several Icrmcelike beaches 
at various heights, such as Linne later dcscrii>ed from Gotland. 
These *'■ Fields of Neptune ” are referred to in the CEconoinia Natunu 
( 174 ^) as ati example of places where the $efl formerly raged. Pro- 
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fessor CK IlcJnu wlto Laji vkjk^d tliL*: pJAt-i-^ c^nillniL^ the truiU of tliia 
obserration. 

On ibe isluRi! as it was frtnnerly called, ** Blak-- 

Linn^ also found eFidence of former higher water lerels. He 

saysi 

On iIh^ Hhorp^ at tlie font of xh& roek, wete ■olefin coTltlos and eJiannola 

|j«red and bollowod oat hy tlie waves of itte Even an tJio tiJi^heRt 
nnUiilatory foraiiiOon^ were founds sbowloj; that the Bca had fortiiefly maed 
ihere, Ijinse btodsH of paajht'tl stoae Iwid 1>6ea ihniwa a|s in tilJea at a stone's 
Ihrtiiv the and fwen la the valleys the lil^hi^t moiiiitains 

were stmllnr stone laUes eoni|>lctcly overi^rtvwn wltU erui/ac™ reprosor 

a sl|:tL Umt (lie wave# t|h| nol s|ft.iid llieir fnty hen? yefitenJay, 

But it was partial liar IV on (lOtlniid I lint Linne foil nil an oppor- 
lijnit}% on a larger srale, to olwri’e shore fonnntioiuj of a time when 
the level <jf the water was higlier than now'. On the Lrip between 
Korpeklint and Lummehind he saw how— 

liiL- naid, which fall of strme ttak^ wits eoustriietcil and reiwlroil with 
snmtl^ roujiil la^bhkn, wUli-U were Jylnu areniid evuiri'WlJi?re and were tised 
Instead of ordinary t*aiih, Tbew? round pebbles, aOLoiiitli lylaj: *^i far up 
fllonif (he tau nf the r3tl*?i^, testSIletl to the fact tluit tlio f^i hnil iwIkhL^I tliem 
Mud aiuRM^c] tlieiu to^etlier, tinp may letciizltit- iJnat when the sen laid the 
fouudatteii of this land llte rhh^ was at Clt#l il ahnal, od the aEdea of which 
the slowly retreating water coiislanlly thrvw np sand and gravel* 

ThLi ridge of which Liiin^ speaks, and the origin of which he cor¬ 
rectly e*vplnins* is of grent gwkjgtcnJ inteitat. According to the 
goverjiment goologhi, IL iletlsfroni, it is a beiach of the Ancylus 
Idike^ at which period, as is wrll knowm, the Baltic Ssai ivas an inland 
lake of enormous size^ cut oil from direct communication with the 
(KieaiL. 

But IJiiiu'^ was to hnd wtiU greater evidences of the increase of 
land at Kapellsiiaiiiiif in the northern part of the island^ oml at 
Iloburgen. in the southern. 


"CuniJ Ntnmd#'' t eall the heachea tlmt were i^n on tlm east side of 
Kjim^ikhanjii, as tJiey were very wEile and covoiiia wKli wldte and finiy bloekg 
of Ktfi&o, ■ • • TJjift Mhore had, a wavellke formation, like ei furrowL-d fleld, 

win* lima, HuuiU, vimKvii ridge# running poiininel with ihc Imrhor and growing 
lilgher jind hlclier farther Ininiid. #4* thm the Euuor ridge wjm always a little 
hlghor ili4in Iho ono mnrer tlkf slmm Thi-y wtTe all iiuUe bar^ ami entErely 
n>tu(Mw^ of block# »f wryl* but ihose found fnrtljor In laud gniaualty bmime 
etivemi with Kiirfai^ boIL Dove wo hinl rUe very cleanest evidence of the 
anuuQl gTowtli of (ln‘ hind by UkfinB of ihe»e cunilo. or J/ndrejjoru, which ean 
^row nowhere ejinad In tlie ileiiths of (he sea. from wlieiiee Uiey are ctut op 
on the Khorf, rhua Em ri’ciaiug il*t? mass of ihe laud. • • ■ 

^1^11 more remarkable is his description of the analogous 
rulgps fK>iu the rastmi uf the ifelaml, iieur ilsaiKthem pomL 

‘hHt Wf. maj «iy tlMt 

u iP ™w luuo- Hlrltlna iiartU'dlufly .ju iIk* t^mtL-pu Maw wbere 
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the Ifitid Iwnlikss 1*1 ftiirrckw, ati^ b<?furip we aitpc te tbe furtii. The Intid. whlL^b 
wafl lien? KiEpbtljr blUj^* was ito a tdiiwecl fieiil lawanl ibe I'HHt the fumm* 
of wlaJcti rttn iKirallel w!ib the Hhore, i'^ych rlil^e wan alumt 0 to 18 feet 
wide, mill the side of it mroEJd tawflrd the sea vriis atwilyti llie widen On tJie 
tiboj-G Itself we stiw how thf?#45 ridge? nre formeth namely, one encli yean from 
the |,:FaveI LbLTQwn up by thi> sen. C-hpse to the ntHirir the^se rLdges wiin? Been 
finite |dEEl£il>\ bat fartlior Inlauil they wore oiore llntteued out uud luore 
dIHk'iiU lo ilEHtlug^tilah. From the Rhore we walked Inlnnd, nuikhig a I'-arefiiL 
count of Jill the rhtl^i*^ whleh we eonUl see distinctly^ Ln onler not to misa n 
sliigh^ yenr. Wo cottntod In nil 77 of Ibeise rld^a-'i^r of which the hiat wan 
Hltiifltet] jit loiiPt rpTHi yarda froui the »eo, iiipiistirlug hy nur If we hud 

had Itistrujuciits so that wi^ could leive cJaialne^l careful of the 

i1L4lAn!?o nf tlie Innernxist rltl>,ne from the stCel iliiil It a height rtlK^ve veti leveh we 
Rbould thiiu luiTO lieeii nMe to aBcertaSn hnw nilieh the eea hnd relrrateil In 
thiJjse iWvenly-SMivm yean^ Kneh n ywirly Increase of tlie land I tmve no%or 
hi'fore nottrftl In nU iny trnvelH. However, It Seems somewhat arrange to iito 
rhat the rtevi«tity-se!Viiiith ridge Rhonlil Ha ro far from the sen that frcEm It the 
weslem shore nf the islniul i:«uld bt' seen c!ln>e|ud overliiniL Frotn this fnet^ 
however, It may concltidwl tluil thla ttolnt Is luueh ygnuj^er tium has tkeeu 
gotkemlly supiKPsetL Indeed It Ib |,Miaslblc that the wa, having estabUBbed such 
cleAr lELiiiltEknrkB between these ridges^ shonld In thlA way umrk off a certain 
nnmtker of yi^nrA fiartEculorly as the ridges are nowhere broken nor crowded 
together. It wotiTd Sm? <tea!rfihle If some mirv-eyor who hapinma to came this 
wny wonlil IntiC notice of thle. 

Probably no investigator before Linn^ has evyy described such 
intorestiiig csaroples of terracjcd shore |n“aTel ns the deposits at 
Kapetlshamn and Flobiirgen; and even now it tvoiild l^e rare to find 
any one who could count 77 similar successive rhlgcs^ From the 
mtiniicr of his statenienl the imprcsbion may atmosL be oonvej'cNj 
that Linnc doubted whctlier each ridgo really represiontod the lapse 
of a year; at least he ititiniales that ininh a iiiippo^ition would lead 
to rather jwciiliar dcdnclioiis. 

The ridges we have just inentioncd have liccn investigated hy Doc¬ 
tor ^lunthc, the govemiiient geolo^^i^t^ who Ims kindly ncquaitilcd 
us with the fiict that the upper ridges date from the period of the 
Ancylus Sea, but the othei^ fi-om the Littorinn period. 

Certaiii rock formations, on Gotland popularly kTiciwii as ran- 
kar”, gave LJnue further confirmation of the liighiT water level of 
ancient times. Ho left a most detaileil description of a callection 
of the latter at Kylleir together with u drawing of Llieiiu 

• ■ • Bolwoen Stninrldikrcfaifdea and the limekiln at Kyi lei a ateplng 

hill nm alang the buy RhoTc on which Bcvcml largo and thick blocka of lluko- 
Btone fnim '24 to M feet high were atandlng In iv>wa like the ruliK->i| iiUlflm 
nud Jirehea of somo church or caotle. ThoBv at ilio fikji uf tho lilll were higher 
tbna the npiicr aikw. m Uwl all thi? blocks neometl to fcJich the Annie height. 
From a Abort dlstiince they re«a:anbh*d atutiieSp huata, borN'w. mal I know' not 
a hal kind of gbtiRlK, It la certain, however* Quit all these were formerly [juirt 
lif n llniestoiie mek, otal that at the time Qie nUreatiag sea rmchetl iboir level 
they were pellRhed, Bcoured. cut nHiuider, nad uetiiaUy Hcnlptared hy ihe siirg- 
lug and booLDlag hreakoto Into the ahfiL>^ they now preeeuL We can net doaht 
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the nhlllrj flf the wiitor, wLleb lind Msured iImj asSik-a flf thtw stflTirfl ta sticU 
au extfiTkt Ekncl iuhtuwhI tkclr bnm^ tn cdtrrj nwu^ ot ^rodi^ the Intermedlute 
Eiattom. We fouud aLoiSlar glauiM" imtr S^JJte ihit siLiue hIzo und 

LeEgliL 

* * * # # 4 • 

This explanation of IJimh iis to the origin of these ^raukar” 
hj as is well knowoi quite correct, and is fully recogni7A»d as siidi at 
the present lime. • • * 

To quote further from his lecture on Ihe growth of the habitable 
land; 

The two larKe niDuntalcs on GoLlaolp '^TershiirK^ atid “ llokuns/' hJiTo 
liersH^dEeuInr sldi’# of kmefftono Btrmtcd and IiuUowcd nut hj wave aetliDii 
wbeii the wea corm^l all Gotltind wllh th^> etceptlon of the«j two rcieltii whSeh 
r<Hio abow lUe Hurfak'e In the war tMl Ihe " Clrtrlea laUimlH'^ do ni tile presient 
tl UJp, 

This ql^serratlon Ls quite correct, as Gotland was at one time eu- 
tirely covered by the i>ost-glacial sea, from which it kter rose. 

##**«•* 

Besides slioit'formations and the action of the sea on rocks Linne 
also mentions the e:sisteti[ce of large ictone hlcK^ks, tlie sisse of which 
caxLsed iiim grtiat woiulcr, but which he believed to liave been traiis- 

portod by the waves from foreigti sJiores: 

# # # # « * » 

The ‘*eelf-enxlSns stone^^ a block of atone 1 niTk and n linlf north of 
Ilobur:;. wni m larao tlml no UuiaaQ power could have carried It thither^ and 
betililea It wan nltiiatcil In the middle of the Inland or about nildw^ar lietween 
the cn^oni nod the we^em Hhore. Thltt variety of stouo wns eulte uuujual tu 
that t^ou, a circiimBtauco wlilcli ctinsefl the pcasaati^ to ur^e us to luitpect lb 
beltqrlhft tbnt It contnlned Fome metaL The block won ^ ya.r^A tilKh^ T yanta 
hroqil, jitnl freely 0 feet betw(M.ii the t^at nml wreat It wan lySnj: entirely 

iibore \h& aurfiU'e and eonitlffted of red aisar, refieaibHti |7 nfi Ahiad-atotitv bet ween 
the arabis of whli^h appeared n hlaek gilJniiirf^E" which #hnnc like iro]d In the sun. 
By euiialant py|koiiire to the pnn the southern sJde of this block had been a^nde 
no briitia thiit |l Netnued to eoanuiije Itbelf, niid the travel whlLh hnd fallen from 
It fonitEsl qultft n iMirmw all amunib r^rtlcplarly era the siiutli pEdc; hence this 
Hlone was ^ ijn^tf-t^fiwllnj^/' ond eoatatiLial no ore. SSnee nU sgj-u, or finite. Is 
formnl iittLlar^mnd. and since iLla hIcH’k was oatirely above pound In A plare 
where tiarn? vmA uu lilEher land am! where all eli^e was limeetciiie^ It Is difficnit 
to luiilcrslnud oEtber itn preseut {KMUttati nr whethiT the reu laid p^swerfu! 
f‘??ciij|:h to roll tt from Sweden or Husala at a lime whea iblA piaco was under 
wijter 

Tbis block probably elill existe anj alioold by all niGons be ex- 
pmptMi frerni dvslniotion. both tiecautio of Uh being uairpio ns a nutuntl 
nKn^iacnEUit and because of Ldnn^'ii t^marka concerning it> * * * 

* • • • * # t 

Tliua j-'bini! became the first to annotmee the existence of a blwh of 
one o 1 10 mpalfivi species on Gotlntid, rocks which have plared 
such un iniporlaat rMu in die study of the giadwl drift 

* 4 * — _ 
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During thfi joiiniey to Westrogothm (174G), Liiiup hatl still further 
ocoision to observe evidences of a former higher sea level, and his 
comparison of ihe coast and the oiitlying urchi{je][igo Is interesting as 
an LUnstriition of diJlrrenl stages in the emergence of the land from 
the seii. * • * 

ft slionhl also he remembered that Unne quite correetJy attribtiteit 
tn the ftimier action of the sea the origin of the i>eculiar forms of 
erosion and grotto fonjiationa found in certain parts of the lower red 
limestone cliff at Kixmekiille^ 

Rrntiefflrs, at the end nf tlie large niondcrw opf^Ue ECtefwEi Cliiirch, 
wcU wortli In^ihectlaff, botla oa a-eeooot uf Uh inTiHfadk^alar belidit and lla 
pdm|Te; It wnji tliirtr-odd >iirdji hlsli and coaHlsted, a? to fsf 

iq^ced, rou ud^ pi I la ; tfeeac t'tdiHuiui elhUilKHl bortKontnJ Ktriw &liow- 
In^ I he action of time tiud nt a tJaie wbefi Eln> land lic-tow was covered 

with an annualir ret rent lug l»M^y of wTiter. The niutiatabi ccinirtptw of reddish 
IlniieKtone nad nwtM m a Hrai alate fciiiiiilELtloa. At rhe fmt tbere Is a srotto In 
which severii:! umy sit pcrrcctly Qry under the water aa It rmdieA dowti 

froia con^ldemhle height. 

According to the government geologist. Dr. IL Mtinthe {Kinne^ 
kiille’s various soils, S. G. C,. No. 17^, StocklioJiiiH. 1901), the 

iiiarine border of tlie Yoldia sea cor responds largely ivith the lower 
limestone bed of Kiimekulle. and Linus's hypothesis that a shon? for¬ 
merly exJstetl at tins place, at which time the Hmestohe was excavntctl 
in the manner described, b consequently correct- In the CEconomia 
Xatune Brattfors in Wressiergibland ^ is cited as one of the plac'^ 
where tlic swa formerly nigeJ." 

****** 4 

Tlie shell banks in Bohnslan have long been well known and were 
cited by Swx‘<knlx>rg in 1719 os evidence of a former higher water 
level. Tlicy were also ifivesligated by Linne, who descrilicd the most 
conimnn of the shell species found: 

The Dieoatalus" are Justly coaRlder^l of the or^test rwtural 

wouders at BahOHUit*. aa they nro Kitaated cui diy load, aoiuetLiiiea uimrly l\ 
Euih-a frEiPi Ihe fva. Tla^ aimintalaa eoaalAt ef ibe Rhells of aa»nif^!i; » • * 

l-tttliiT the black tnirface aolb which was miely more than 3 to it luehes 
deep, occorrwl Ebe Ehell atTutum, some 12 ti> 13 In depib. iiTiderlald by pare 
clay. No al3cl]fl were ss^n to the bore aad hilly nKmatalus above Ibis 
atratauj- • * • 

**«*■«« 

■ * • AU theae ahellM betoage^ to roarlne forma sJiuilnr to those whk-h 
eiJit partly on oar owa shores and partly on the eodista of Norway. 
and Fiiiiic?e. It imiy thus be n^iHenahle to luMIcve that wheu the sl^ Pnr- 
roilitiliHl ibe "abeU mcmlitaln^^^ the printer iKirt of the arehll^eLiiga ouuhle be- 
iDj; wjlimerffcil. there was here fonaed an eialjoiytiieat Into wbli?b thiw shell* 
were drlvca by ettvn^ wi*st wlttilA It Js aul that im> 03 p of tbeai Imve 

Hoiip^ht a tiiorc sonthem reCage. since sliullar cmidltloas may Ui elsserviid Sti the 
Holland lle^rl[l}.^ These existed J3r*t lb the licit, ami Inier on our and 

now have reiiehi*d ” Unars Hanc.*^ 


■This imragnipL apj:>ears oa 4i; of Xathorst'e ]3a[»or- 
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Ilenc^ Linnf citme to the cNunt^lubsioji ibnt tlie setu at partially, 
had ‘^changied hs Inhabitants,^’ The Ijohef in a southward migiiitioii 
was qniie tiEiiunil at a time when the mollusk fauna of tlic northern 
seas was unknown, 

Tlie account of Linn^^s trui’cls in SkiiiOj with a single important 
esccptioQj contains ahiiost no contribiition^j to die knowledge of a 
former liigh water level during die Quaternary period—a iniiural 
consequence of the fact that a large part of the territorj' in qne.^io[i 
was sitiuitcd above the pswt-glnciol marine Itorder, which, in eioiidieru 
SkiLiiCj extejuis only S or 4 tneters above the J?ca+ The exception re¬ 
ferred to is Linnets dcseriptiou of the old i>eachr or ^ Jura Wally"’ ns 
it has been known in geological literature since the days of Sven 
-NTl-sson, IjUinfi had recogiiij;ed an okl beach in the sandhaiik or 
raised beach on the eastern coasl <il Ohmdi ami ho the re fore calls the 
"STilta Wair" by llie same name. 

The “ LundttoTB,'* a store which was i^omcwtait tlj^lifr tliao tlic siirfaeo of 
tnaiU extcnili^d Tiir niUcs nhiEiK the ctmnl fn>ui Tr^aiclM^rF: n> t-'r^laliCKn, 
[t w^iB bfPEider m Uie iseaward alOe, tiod Its LliUicet [»Jut was ahum m nm 
tmet^ frem ttc sreo; It was 2 ynnlfl lilt^lier than llie Uiail aiul at \Mb 

place rose some 0 jards ohocc tLe sea level 

**«•« + « 

Besides the al>ove, Lirm^^s ineasurenierit of the distance between 
Stafstcii and theseacoast shows ids nnlhigging intcre^rt in everything 
cormcctefl writh tlio question of the decrease of water and the grutvth 
of hmd: * * * 

The " SuiffftcEi Rix'k " was &ttuiited Ij allies wEwt from Treileherf? anti townnl 
the eojint. This plnet* Lh rimrawnttl becEiuHo of the finct tlint the liUe Kinf? 
Cliiirh^ XII landed liere on Pi'ei^nlH^r afcr Ids tthnenee Ln TarJeej*, 

Susfiften nieh wat}- sotnt'itUuU liEaher Ihaii an onlhuirj’ nian> tinmnv ami nlaiDst 
sauiire, Iiert> we den'll the wjUit lei'cl In enler that iJcsterlty imiy Cflcertitln 
whether the wnler ur frtlln. On ihe nenrKit seastu-^re ro thi* wmth «f 
f^tcirsten i\H2lt iberv nn- two i llffH to line cafit and wi^t, ef almwii wiiuil fihte, 
wMcli new Were nearly ll liielii'M tibeve wtiler, ft^'^lde this Ihere wiin,. on the 
vary whore, nud setiiewhat esistirrly frotn ei ilIrM-l line Iwlween Stinfstni reek 
and the naijil, n hlncfk ef whillph tcranite alhonl E< finU hnip anti oIjuose U fivir 
bread. Tlil>i rock or sUtb Ims two cttnirrH |?DlulLnB ^nithwest. of which ihe 
luore westerly one nt tlds lime Etcenmtely Iwaievl Uic Ude »^[iimillm- the N'ai- 
waler level from the ilry Itind, The dlsuince CrEini Stafsjtcn to the water's cdj;o 
was yards. 

It was forlunalc that Liunf left so detailed o dt?scriptioii since H 
liaa thus Wn possible to OFcerbitn the fant thiit the stutoment of the 
(Ustimec containN n tvpogrflphicttl error, tlie tnin distnnec beiiur IDTJ, 
instead of 367? yards. • ' • 

• * * • * . . 

A reriew Unrie’s contributions to the question of the ilcci-eose 
of water or the cxpiinsloii of kod shows them to l» very Lompre- 


721 


CABlt VON lilNKE AS A OEOLOalBT—JT aTUOKST. 

hen sire: The inrlication of conch iferous eurth in HeLdnglantlj of 
shore terraces in Olentt, on the island “ JnngfriiD,-- in Gotland, and 
in Skanej of “ranks** and grotto forraatioiis in Gotland and \Vgs~ 
troguthia; and Gnally his esaniinution of the “shell banks’* at 
LMdeyalla- He was, moreover, the Jirst naturalist to describe shore 
lines in the mountiiinous regions (due to ice-dammed lakes). and not 
least signiflcRnt were his repeated utterances against Uio supposition 
that the foraier Iiiglier dcvatiou of the water bad any connectiou 
with the biblical deluge; 

Ho wlio nacrlbcs oil tills to tlie whk'li came Hudilentr am) imsikNl as 

raiiltitj- away, la Imlerd a stranger to aatiiml science and. iiifnd blaiaeif. «eeo 
irtily wftti the eyes of ot!ieni,|iroi-|(1«1,seDerally speahlng, he eeca onyiiiloBat all, 

FltBMATIOJ! OF GbANITE MotfNTAI>S~* * *—TAiujIit;—TtJt; Dai,.\ 

Sasostoxi: — PETROLEcn — Fossils* is D.vlaunk —l\rrjtojj» 

{*• Gt.eNT Pots **)—• • •—^Thr ItrAisoxiTioN or IILvul axii rrs 

Ecuxouic Imbuktaxce— “JL\itL Stones” — * • •_“Earth 

Shots ♦ *—Qcicksano—^Tue Sea Borroat os Shallow 
Coasts, 

'Hie geologic character of the region surrminding Liiinti’s home, 
which ninst have made a deep impit^ion upon him when a Tonng 
man, is monotonoin* in the extreme. Bed rock ex Closures are escep- 
tional, and, where there are no jieat bogs, the soil coimLsts almost 
excltisivelv of gravel (partly moraine gravel and parti)' nibble), in¬ 
closing more or lea* larger stones which are also scattered about on 
the surface. One may travel for many miles in this region witliout 
seeing a single outcrop. 

Hiesc conditions seem to offer an explanation of LinnPi* pi^culiar 
view tlmt “ granite, of which most of our mountains consist, is found 
to have its origin in ehessom, and that it is most frequentlv foi-med 
ivhen the soil is mixed with particles of iron.” This chessom, or 
nryHI/i i/mW/rco, in cliameterizetl lit tlie .Syatema Xatiiric as a sili¬ 
ceous or sandy elay, which is rather soft in the spring and fall, but 
so btird in summer that it can not be broken readily ivithout hammer 
or chisel; it is said to exist in Dnlorne. 

•••••** 

* • • In his speech oil tho growth of the habitable land he says 

that jf birge blocks of rock were broken they would be found to wm- 
sist of mica, quartz, and spar, 

Tlila affoitla dear proof ttiat tbuy. like all otber nlaiiea, orlRlimteil turoiieb 
coalcMeDce of tlie aoll, and tbat tbi-y were therefore fornml uiidcrjirtiund. 

hrorn large pieces of ivK'k to isolated cliffs consisting of the same 
minerals, the step was a short oue, and we may tlius understand how 
Linnf* derived his peculiar view of the origin of granite. It nmy 
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seem that he did not abandon tUii* opinion when he became 

acquaintecl with real granite mountaitis^, but he suppo^ the^ to 
have been fomied underground, llmt the blocks are now seen care¬ 
lessly thrown about over the surface of the earth wa^^ aramling to 
his belief, caused by the action of water in freeing them from tJie siir- 
rounding soil Tlius the cliffs— 

wlileti Uiiil lUelr la tUcr urroiitiii: could now project so lilgh above line sur- 

fa™ b^cfin^ the wa ves of tUv laey Uud reiuDved tlie surraundiag soil anti grovel. 

In iiLi notes upon the ueighborhacH] of Upsala, be adds: 

Tlve eceoDil cause In tJie niiii wblch yearlj^ waslies off llie iwlifftitiii and (Uls 
tip the ralleya, a proeeait In U»eir rntber uQobatriiHlve and irnitlunl, uiiiioii^h my 
ecinitniahlni;^ niucb la tlie eoum^ of Jijjett. * p * 

Strangf* ns Linn^■3 opinion of the formation of granite iiiny seem 
to our luindbi^ it is eosity explained if the gi^olpgical character of his 
home ^urruimding^ is taken into consideration^, ttjgelher w ith the fact 
that jietrugTuphy as ii science did not exist at that jieriod. He says, 
in the account of his jmirriey in Westrogothia: 

IJthoffeny Te oulle n sliepio uiatliT^ ulUieiieh souuewluit obscure, ewLug to Uk? 
few res5t?arL'hea lliat luivu tufuu made In our timesL * * * 

******* 

During Jiis tinveb in DaJarae (1734) Linne had an opportunity 
of observing the pre-Cambria u Da la j^andstoiie^ w'hieb ho had so 
carefuJly examined in the millstoixe quarries at Malting and on 
which he had noticed peculiar sun cracks. The first liJock simwing 
such a de^iign was observed in the akle of tlie church at Klfdalg and 
is described os— 


enEmvcd mfriilaflnt wltli ftuverat chnnictora^ but tbe writer baa so 
Jenored any at>«ni{Hice or (^aitluultr In ibe drawing that lb«^ seetn Jaat 
atfaoj^o aa tlie bnijraa^ sad istyle. 

Another blca^k wius seen m tlie cemetery at iSarna: 

It wfiH to tt swo ut ouL-e tbnt ibe stylu of wrUliif; was th^ whdc as tlmt In 
tbe ebareb at EUdak except tbat UiIp oue wsiw ao much maro orimmL'ntai 

Although Linoi^^ could not explain (he origin of these drawings^ he 
insisted that ihere could lie no qiiei^tion of a n^tunt!. Of special 
interest are hLs remarks on tlic wave marks commonly found in this 
sandstone. On August I, while betw^een Sama and Liinu, he savs; 

Ilei^ rlic at^les of whicli wp had fomierly iibaen'cd was faund In 

nhuikOauci^ ami mualMU^ of n n-d. bard, firm .sandirtone; im one of its luib 
foniily UHt Aurtnees are ewn Jau^IttHUmtl and runillel cavilwhich reawuitilp 
ibo luarbs produced by dr^iwiii^^ line's hnf^um over tuird kuow; but tbpJr ortEluH 
^aklnje liiiii cimHldcmilon alt prcwlouiay ul>»Grvi^ Etoaua, coald hot be de- 


Oh the 4th, htiw'ever, the true explanation was given: 

““'BMioftiiKid iliuro WRf, jiiooty uf tbiB fvd. ‘ tugflived" 
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prevlouH^ tq»e<'lliK'Ci4fu Kuiu^ bollcrp the juJirts Uy luivq Sjtwu CAiieted by 
|j«ouuB<^ they irrefltlj nifitoiblo il san6^ jjcn pr river tioltoiu veMeh bnd beoa 
6i.-ulj;iturWI by tJie of the dotp. * • * 

During hiA journey in Da lame jietrukuin was alfw for the first 
time dis^vered in Sweden, partly in the Lime^tono fiiiarries a I SkSr- 
backa (in OaimncLi l^Iountain)} at KSrf^a^rt in the pnrisjii of 
Rflttvik, otiJ [>artly in th® lime ai Graiia. Linii4 emphasized tins 
fact in hia speech on the neccaeity of journeys of exploruiion within, 
the country thus: 

Pertuitm you, toy ^tldUora. refuao to beUove dk whea 1 Pity that In Dii^arnc 
tbero are entire tnoobtaltia smtumteil wltb ikcdrukiuij^ but let yeur deubta 
b# WlUi cij own eye# I Imre aeou Uiliu n tact never before seen or 

beard of. • • * 

* * « * 4 * * 

TliP presence of jietroleiim in these localitie35 gave occasiori much 
later* during Uie years 18fiT-18GS>^ to several mining tmlorprl^’^i, 
which^ howeverj as ia well known^ restilted in complete failure- 

Liiin£*w otjservatinn.s on the CrtmbrmSiliirian strata hi ^^mthern 
SwfHleii w ill he (|iiotod in the succeeding chapter, Thci^ concerning 
Dulartie may^ however^ be cited here, as tJiey are few in number and 
have little in coimnon with lliose of Sweden. 

The mlap# at no^Lbach cobtala white ar ml ltnM?+ ot wblcU iln? ml la an fuU of 
w^lillu fossUa tluit tbero ttii€« nut #4u?ai tn uiicui^h for niiiiibcr oac. 

Bntmuijra celebratetl IliUiIeT^ with Ibi trwmj foreljcti fewaitri, lu hh ootlilnj^ ci>ni' 
paniil to tiiLfl. Yet they are «i little thought ef that they are broken up aad 
njicd, laatcad of lurf, la tlintctalnj; nwfa 

Ho then describes the most common fossil {NatdUi artictilaii)^ 
which clearly belongs to the genus OHhnccras^ 

Of wbflt they are ot^riacnUaD# nubfflty Icuowb * * *. Tlipy are aot 

coehleaN nor burbot#, as some euppose. There are more foesUa iu the Btoaeai 
tbau firoLna La » • * 

From tlie journey in Dalnme there is also an ciceount of a large 
pothole at Da la River, which is described, quite correctly, as liuving 
been fonnetj by the" continuous rotation of the stream.” In the jour¬ 
ney in Westrogothia mention is also made of tho esistenoe of a couple 
of potholes in the neighliorhoofl of Gothenburg. 

A couple of ^'gbint jwla" were s^oen net fur from the Btratn xmd at n dlstauce 
barely eriuiil to two ipinabota from ench other. Tbey were cylliidrlciil taolc# 
iHiml fl-HfO 111 tbe mauiitaln^ and w'erc 1 yard deep anifl 1 yard broud. Oa? uf 
these {Kits was \m the elde of the moon lulu, on a geutle alopo^ hut the bole wu« 
vordcDl, rcgaTtnettf of the eloiK*. 

During the journey in Skiine another poOioIe Is also mentioned: 

A Jetta well, as a ^'gliint pot Is called In Westrft|,n>tht!i, was wen on Jette- 
bruaslldea, a bltlalile whEcH opp on the way to Stuckatorp. Hen* was 

a {Kitholc m the top of the cliff faclna the sea, more than a yard to depth mid 
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bn^dth, fttiil jwnlly liol]ow«>iL mU Jf nU ** giant imls nre fnrmwl hy thi* water^ 
na trulM-lleTcnt tlie pmsL-iit lliuo, tlicn iMs i»ol edt ilia fell ho hl^ abcn e WHttr* 
muei il<inbtlL-«s bi? soT'ml iUotiHind yoar^i tild- 

At time wlieii thf? exiblenee of th? glacial jieriod was iirikm’Jwn 
DO other expUimtioD thaii that giviiai by Liim^ coulU be udTanced* aud 
especial IJ remarkable b his emphasb upon the peculiar churactcristic 
of these jMitholes^ L c-t their vertical ]>ositicjn even oii a iiiouotain ^loppH 
fNor should we forget wliat he says about ihe great iige of the one last 
mentioned. 

******* 


* * • During the first day of his journey to SkAtie (April 20^ 
1749), he recfirds an <x'tnri‘enre of marl which must liave U^en of 
gn^at iinpurtant'c ni that time: 

lIjiH ninrn^iw ' l uibni^l }n Uinjer En llie nf 

Upmla liiiin Ui Jipiy otlicr plni-e, d. fact wbSeJa iri a grcul e(mtjrUiaiis.l 

fertnUy Mf tb^eu Iteklw, « * ■ ny Uiu unv nf nmrl or “ mrth iiairrowH'* aw 

Bonip eaU \U Hie- En^lEiiU nnd Frunch lintn l>mi]|:br th^-lr rultUiiu-d fleldB iiu Uf 
n high HtaudEmI cif iircHiiaetlvity, f^r wbleU msHoii our miUoa^ Ourliur the Irt-tE 
ypiirm citiil i^iHH-Sany shu'e we tq twy iDiin> careful Eiiu-iitli>n to ii^iietil- 

tuns liaB l^et-n aii:s|oiiii to iiReorlJiln whellruT aiich a useful wU oould not lx! 
faniitl lit h<Ytm\ Wp therefurt^ soi-EiiTd samples of aiarJ tr»m Eii};liini]. 
arEfcl Mic Xf^therEnoclN, but tiocuti^ie af varhitloutt |ti tiinl poui|HmlttqQ Jt wua 
dUDutih |q niirl ti mfc tbtHl of ilfifUlnioilslilnp? the miirl. uutll It wuh nqtJml a rear 
tLiii Etil marl SiHitw'*! in riTuiutit La erjiu»rt with wmr Ihuihls, wicli na \ Utn^ 
gun ilUtitcd iiJtrle arid, nti^ nther sneb Hmce tUn irtmtiiisluu wjj!i arrived 

at tliELt nmrl waa uolIiltiK cTpsP ihAU a llroe day or idmllc ciny, auil only a blertch- 
lug i.r leaveaEng will which bJiB Hitalned its ability to break op the nlkaUnity 
of the grauntl. w hich la imhcdltby tu plauls • * *, From the farogolog a 

fimiiET niBy uow^ r£>j^ill1y delpcl true ujiirl. hci^iiae a clny whkii lx uilxed with 
marl will eirorvasco If a fow^ Elroii* of ntiue fartig bo iiourod oi pr It. If The fuuue 
clay eh'ervrascfi* In the rTesantie of vtnrgan howevor, (he niarl Is Btltl better, 
bwttLu* many a elaj that eanttiitiJii bm Httlq marl amt which wID ferment when 
mixed wUli nijtiit fort In wiU not fennent when uilxed wJlli %lnegar atone. 

* In another place in the description of the same Journey 
Lmnf stntes that St was ^Mhe viccH.ptt^sideDt, Baron S. a BjelkeJ^ 
who in 1748 hi-st discovered this oiatiJier of detecting lime-bearing 
clay or initrL 

Linn^' applied this expflrienco during hia travels In Sklne. Ho 

ilwells upon tlio b«irrt.ftnes of the country iiround ^Uum, Hoping, nu<l 
^InUesliolm, south and southwest of Chrisluinstad. • • ► Sub- 
swinently ho emphasized the good results which might be obtained hv 
mixing the sandy soil with marl, and proposed that about half an acre 
tic marled by it ay of cxperiniont. 


iiJI-Vl*" «*>»nrmfil t>j ex[HTlcncD, oppoHnalty wtH thus bo airortT{>d »o 

fwsnlfleetu soil, with Inonulitile 

ELqvauLBi^u to lUp farmer noil Uip eonntry^ 
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These TTordH were prpphelic, bei-uLb^c it b ^veU fenown that the use of 
mnrl h«is siibstaniiiilly lienefttetl the ikvelnpmerit of agTicuItiire in 
Skilne* Thi-H occuired much bter, however* and it appears ihal 
Li line’s exhortation ^vas at left iinluHnlefi^ 

* * m - m w « « 

Wind-blown sand seems to have been an ofjjeet of spi:a:!ia1 interest 
to Linnet «od his descriptions of fields of this sand luid tlieir drifts 
lire very pic:iureifiir|e. In ttie ()land jouniey he gives an account of 
snch fields from the northern extremity of the island* 

tbtf SJtittiri* ” we ataiifil t»al fnr ttn* next rirankolln. A» 

HCKHi us wp lmi\ hr tatter Xlw wlii>Je leatcn butwitnt lUv vlllfttfe timi 

the m-n wn® isccti to lie foil of raad hlllH. 

Th^^ sriTiO was driven from the wn amt stuttiTihil ovit the eiitlre Oidil hy n 
Blmtiff BOTith wind- The wniuT dliJ unt fiiH wail^ tt came to iltr vaUn nrwtncta 
Lif tlie for^-iit, where the vluleiie* of the wlud OTiil ouL limit miiti ilisoea wen*^ 
hera to bn SMWJu Hke Klaat KtiowilrSftB^ on the elites of the format, hnrj'tnc lorice 
|i|iie treeis m tlmt often barely one-third of the top of the trees winTd he mien 
ent of the drlftR The ins'll were thiiH fmifhinltr amothered, tMxaiiftc 
Oie Sind pnwenliK] the rt4-*nelrnlloe of ntiy nfe^rntFtnliilnt: ralu water ar damti^ 
jiefti. II nd iiK tile on tor tn -e® itinTt^sli plr decay wl ihe mmA drlftei inoml iLimonlly 
farther aniJ fart her Stiti> the forest It seeiueil mthtir eurlous to ran atioiit on 
Ihepc sin ft dSft® anrl hotnnto hetween the trre tofw. The Knad In no wise 
lli€‘ hen til mml of ^hl^nOp but wns of n niueli ensirrtf-r imirlne vnrTrty. 
tL was quite while, miuil^itlnn of elenr qimrtz ainl a fit lie red ajmr, Imt .'Jti reiiith 
and iiiieVE'ti m to Im^ unfit even for sconriniyr pnrpiwii'st On Uie shle* townnl llie 
held the d rtf la Were iwa ctlca Uy nat nikl s^owrtl waves ami undabitlonH like 
l|nH4*‘ fit n iMiltiinii bat on lhi> Inner ®Ide« Inward thf* winulsi they wen* 1*0 
rttrt'p Hi! lo Ihi Ea-nrLrly oceesRlble by ellmblup, and about l^-l feet hlith. 

Linntj further mentions the ticcTirrence of sand oats ^ or sluuxj 
ryeamong the sand at this place: 

Thin ^sind oatn"* Is the Hiiiin a® the t>nlch to fww en ihelr ilmies hi 
enler that the wind may heeonw' fknii i^nml. It linn nlso Irheh nwooim+rmloit fur 
the fleJiis of ^khiie. 

******* 
Linne stmlied the drift sand in many phicos in Sk&iie^ mostly at 
Ahns and Angidholm i 

There w'att jdt*aty of wiud-hlowui wTid in the hlidi-lylns Qehl* on lioth hnnhii 
of the river lit AhiiH, hut mteitiy ou the Atinlbern- The sand 1 ® quite while, 
irleur, nod fine; the reason heliip tiiat If any conrser idec«s or irravel are 
with It they reiuahi whtTe they are when the nia^r sand Is blown away. 
Till? wind often eorrles tlie itand ft dltdanee of I4 tsiilea, n fiiot whieh \a best 
fleoo fin the anew In winter time, Thun the iiciiid nmises ilie rivers iihatlow and 
IntiTuilufjtefl with tlio ^imil and tteldn, • * * mserefver a. JiintjM.-r or 

cTowlierty hliKh or n willow wo a found on thew hills it tras finite covered over 
with hhhiI. fomilm; n hl^" knoll, nUtve whieh only the enris of the bmnrtie® 
rotiM ho H»n, In uiptiy pliunsi wliere alirutis nhd wmEses hud grown birge 
lilllfX-'k® or snnlll hills had laxii nrentured throngh the gaud imlherlna: atol 
Uilxliij; with tin? strawp and agniti where thin graas had dxiainjKflrea It wn® 
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noticed that the wind hiiEl titnilff it hnh^ In tlit? nld^ of tim lUU and Md carrUnl 
Jiwjiy jtoiiae blind r^a of limda of wirlh, rdkewl}^ [ii otb^r tlllB 

Imd li^tin cut Into bsr ih^ wbih expr/tilng lioiruml stmta of black" mob] twn lln^ 
tMclt. a EUJt? Hlifii ilHit tho blLId bad rJinn^^^ theiT furia«r mitufv. Tbim 
nerer rti^liii^ ^ftldrc plnys her prank^k jiTid buildn uj> aiid -cliaii^m i>vel7''tbln}f 
contlnnonal^^ 


In ?^pf*nking of tlio wind-blown ^nd nt Angolliolm * • • 
again and moro explicitly compareH it with snow: 

The litrrwli ^nd wben It \h tbrowii up In ilrlfta rcmlndB one lo n cectalu 
ratent of It Is almost aa wbitet St Es tnifcK»=€^i tty tbe wind lotn drlfta 

of i^otijiidcrable helj^bt, where tbere In a tpe-tlfiljinco to fhe wind In tln^ wbnfH* of 
fciiL^^^ri, villa IKS, Of lhi+ like. Wnnai It U (;i||(ri 1 up on bijt b sMcp of a font'e 
tbe Jnr^t qnantlty, which la diittciii.'il out, la foinid ijii tbe b»wanl nad 
luss a itbflrp ftiKv at the top luirn^d to wSndiFjini: It enveeri^t tbe protiinh nnrl 
wliiTc ihore are UllleckB It In tiunsin^il In a Ioqi; ftlopn ludjlnd, not In fn^kt^ 
LI be Fnow. U» ufiia*f part l^cooitkea har^liT. tnkofl iin a Croat and NtitiwN HiiaiU 
cnet-idoR Itncft mt Um? frnitikcc, Jiupl like »4iiow. * • ■ 

1 hirt chapter ivonlil not \m} cntnplelc if I diil net quote Linnet 
oWr cat ions on the no to re of the taat bnttfitn ill f=haUow and sAiidy 
shores. On tho trip betwct^n Altona nm] Amsterdam (17^5) he hnd 
an i^pirtjrttmity of cs:aniiiiingsi.ieh ;i bottoiiu of w'hich he (in the Iter 
ad exferos) tells the following: 


J/up We IntidcEl «n nil Ininiid lii e^iideni lYEcNlJiiid nalilt'd XoMmcipiv 
• * * One midd licre cnnUy ulm-rvp tJip np[3i^i ranee of tin- *ni IbeUoiii^ 

It cciTBlBtcd i>f R fine while sand whJchp when due liilo, iH^canip of ii dark tcniy 
rolnr, nppafenny IndleAtlii^ ifian {►n the tap of em-li olcrutinn there were 
Nonie nnuill ItniiEni'erHC nara? from the water [wiive morkB];. Kvery- 

wlH-re tlicre were small tKOkiit-uU, of tbe pdsse of half ii Juindful of carUv wUb 
rSnpiB of satiel rescmldlniE lunstrj- or like u biff birncb of crttwllnif wanns. ITn- 
dcnimth tbe«? there H-pre tursc rurwi^^rfc^ like corthworuiB. aed ptmrfifflp clepalfL 
wbieli reseanhled sniiKfi 3 ^i»rt eilcd wllh imnd Infft^d of inebh Fnrte dlrrr^^ 
fnand wormnl were evenly dlNttihiiicd over the whole botriaii la In- 
cmllhle cihlnlUicfl, ei Ideally servliiff food for tbn flRhes. and 
Blmced ibat ihtj Bceimal to Iwve hecu iinnrteml Uiorc. Itelwcen tla-jw mortHrvfl 
then? were sen tiered nhoat, nltboii^^b jwneJorr#, f Jcuraffone# wifh 

a hole in the middle. 'V'limt these oonmlaed I do not know: neither do I 
know whether or not tumitriri bitd flioHcd tboia. When I dug inta the hottniu 
then? were also found Jail mbrf. 


^ During the journey in AVe^drogathia Linn^ made si mil nr observa¬ 
tions on the coast of the isknd of Ortist, * • * 

We here wailed out Into Iho son until ibo water was more ijifin knMMleop. 
bo nnlKldg oa (he sea boltom^ we found Imrlngs hi the 

bottoai, funall elCTated warm licniiM, Hud nther dlmlnntlvc tlihiga * • i we 

noticed that la Several places the hnttetii wne bored through with fialra of 
hoh^ not ns lamp, in dreumfemti^e ns twn angers, which wete alwayn gnmt^ 
!n^. twoB, niM PT ulitBly or l.y thnjea. • * • TJit hiitidie of n tot^nreo 

^ro Ilk« a * yu, wo to dt„ wlib owr 

■nmii iy tin, uinmvlH mnii kirp muUu ttMiw L4 *Icbj t,ut to udwrtulu how nicy 
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bait tioen tbe luiutFet or bcinr It lisid roI sa {lf¥E> ilown Into tlii? mt 

boHvin wait n fiit^r^ dSilknit t iitutU'r. • • •■ Xmummt^ lb la iiiiissel iras 

I la* K»i>i]j iHitHmu vti? i^w Lio traces of It m tbo Kbortv, oor linvo’ 1 
ever speb ene of llintii In ^woclou. * • * Xcarly all ujubsgIa Itvliij^ In tho 

^iiiJ Eind slime of tlie bciitom two tuT>ea i^rotrudbig above tbe bottom 
Ihrcjngb wbtch tber lirKitbe tile iimter. 

• *»*-*«« 

• ^ * To quote tli^>5is obss&rvalions in an article luicndetl to 

d«^ribtf Linji^ as n gwilogL^i may ^eem somewhat curloiLs to manyi 
but the? fail ifs that here lliey are in their pro|>er place, beeanse it ia 
through the ob^rvntioii of pheziomuiui alon^ ninilerii chores that the 
geologist is enabled to interpret the true meaning of various cimrac- 
teristics of older deposits. * • • 

IhK Jt Sttiata and or Olakd and Gon.AAfu—H a™ the 

AnIMAJ-S MlOfi.lTED oa ABE THEE EsTtSCrT? —ThE lIoUXTAtS'S OF 

WesmaKitiTHiA—S thata TisBJLif:—Titt CAiiEao-StLUBiAs Strata of 

SkAXE—L tXNE. BeR 03 IAX, and Weexeb. 

Tltat Linne, during Iuh travels in Oland and Oothizic!) diould have 
made a number of obt^rvations of local rook species was only wlmt 
might have been ariticipiite<L • * * But he was also io the liabit 

of making esciirflions to TMnImo and lAimfiia, upon which occasions 

IMJtrificatiom wenr oolh^ted in the sand on the seashore’^ (presiim- 
fibly mostly cn?taceOiis fi>KjiUs anil siliceous stono nuclei). Moreover, 
during hi>> truvelfl aliroad he had bad abmidant opportunities of 
stndyhig fossils in the nattiral history coHeetions. and * * ■ it 
bpcoines quite dear that Linne^ through his own experiences as well 
BK from the works of others, was cpiite familiar with fossils as such. 
Jlort'over, during his journey in Da lame he bad also had occasion 
to study their occurrence in the rock strata. 

IIo describes the slate under the limestone at Erischso. in Gland^ 
give^ an accoimt of the suceesaion of strata in the alum pit, and 
mention^s from the limestone at Boda— 

several iictriflentloiiP, r^wls an '^t^loail sanlK^ liorc called '^ Daria" fOrfftii- 
Sntr^hi wpb niujij rla^ i^iLUcdfl crlaolil?f]^ round aud rau^b-EurfaeiMl 
nvnto balla iiiid “ CryaniJ npules ” [cystldrij : 

**CrFJi(nI I call tlie spherical of tia* alse nf apiitesp that are 

fnuna kzi UiuGBtaaea, wlilcbp wbm limken, rewiutile a hs'mn^UcJt. utwJ coaalat 
Qiitlre]y of ll^l actL traiii^iiareiii icpnr eiyf^nla wblcli ccuverizc In L'eiitnr, Ifaivlns 
a eavity In tlie eeider. m that tbcLr trlatigiitiir iriilutN may Li^ nlnliily 
'rtiesc " cryatn] are ratln'-r etnanicin hm tii 53 ami md t Mve collected 

|b^ nt OFmonda Monntnlii In Dnlame. * « • 

At different points in the lime quarries at the northern end of 
tiland Linn^ had occasion to oteerve the profu^ occurrence of 
Orthoceratites i 

“DrtiiSt” OT StflmintkfjUthua reeJt, were abiitidnnt In thla rock, bnt 

IwrUculnrly In tb& red aoe with tstm* strcakii. • • ♦ We searched In ^aln 
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4 Jl ntor tJMr Rljurea of the Isltttid for the Mboll, of wlittli the ^ durts ” tliol Lore 
oct/Ltr In nil rt>t!ka are umlotihtedly gjtioh '^djarta" are bore oflou 

fonnd ootJrelj IioUdw, sq tbut crn^fa aiul are Ij'lna nnitnul qiilto 

empij'* 

In jijioiher pUco he snys: 

* * * Ti\Jh?ti tlio Rnk^ Wore Hoponitocl frem enoL Dilior tbiiflo darts ^ 
or “Olnml cttiild Lo iteen pnckcil ua tijslit locothor hh hiiaka hi Lr^Mtrso 

limiil, BO timl Crod njotio knowB is'Lcre m iiuiuy rare iiLoSbi lviih^ fttnu. 

A ijuhf rarv In otliur ntEtco^ bill minuiou In^rc, rn^nbl-od n rri^ni^fl 

EcAfqj. of ton ns its tli!? poltn of the Liiiii], bnl <ii|ji''nsrSiio rrewoiiiTlfco tn 

pLar^v w1tL two jintnUol (rrooi'ca nmi] liovorni trnnai^opse irtrEi^^si 

Tho lust-niGHLioiiocl fosksiU of which Liriii^-s tiri^nnl figure is here 
reprtxlijciMl, ia iippnrently the pygidiiim of n which is 

quite COwimoil iu HiU limestone. Tlie most intertolhig eilxilm-Htuii<X!i 
comiectcx] with the ribove-tiieutimicd qiiDtulioii is of course TAiitiiV^^ 
consternation at the fact that no OHAo^^entit sheila were found cast 
up Oil the shore. • • • 

Two yeara Inter (1T4T). however^ tluring the journey in Westro- 
gothiiu he mentions the occurrence of OrthncenititGs in the limcs^toiiG 
ixt Kiimekulle in flic following words: 

or '^stQDc hntt^^ are ibo popular bcal iiame» tor iLu saian kind 
of stone w-bleli dccar*6 Bto abandantly oa Oliiiii), sEiid there was called ■" I>wris'’'; 
and, euu-tly m En 5hind^ tlicre wiip at profiiBEian of them In the llinefdiine. 
They lire nutliTni; else tUnii tlie ftj^W of n ATkeclefi of [Do]]nBk 
rrefuA” the rtetrlUod sheUs of wLleb are of the mewt rare In all sboll cidlec- 
tlonfl. • * • 


111 tlie MiiEjCunt TeKsiniaiiuiin he says: 


• • • Tbiit tbcte creniureft formerly exiatcO |o eiiomoiui icnltltndca In 

f?w«lea the llaje cIlfTa nu tbe r^hores of fVliitnI. whore ihey lie as thtek qa ebaff 
III w"hKit» coftHnec uh; but now The aiilinnTp hnro nio coiuuhdely <IE8np|>eurDd 
tliui I haio BoTer nne of tbr ahelln In n collectloa af niTiElindra, qjid tliere* 
tore (hey are eeneniJIy elns^ha amonn ihc oitlCKrt species of Enrep^ 

Tn the Sptema Xaturm he says: 


HohUjit wine dubla In abyBuo fratrlft Ttaltlrl; deikn^Kus: • * * 

tjinnf i^ceins to meaii by this expression that Orthocpras shells 

may still W found in the deepest rewssses of the Baltic, while the 
animaLs themselves were extinct. 

CJotland Linnr> had a similar experience with comla. At Vjsby 
G inimediatcly noticed their occurrence— J/adrepora «impUfa and 
J/arfw/ior® u^ffregaUp-^ a couple of fathonvs above the sea. in 
^at niim^r?,” and in the Uniestonc at Hang^'ar lie aUeges that 
U^r.> were very many especially E»trt,chi, and a species 

torel winch resembled lycopQdhm or Club moss.'’ The richest 
c«n.^,on of conds was, however, made at Kapelkhamn: 

nuiddeit wltT^ra'rii^^ ^*ier*9 edgo wej-o pure nnd clear aoU 

like the re,,.ns, bWe, of a fioyiag cant or tlM* pores of a 
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hoD{?y€finib. Ench (rfur ot* iiib<!i wfl# In tbs Hhape flf a bcii|g\T cryllTid^r wUh 
19 to liolloir ^kmren fortnlns tlw^ iioriphory+ Tlu^ Inbes when aavi^ 

ItQil nU tlldr cuvUEes lilh^ with lEiue mul t*(v||}ilic!d, nbntrln^ an 
exiict likens# to tbn rovprec B[de of a cardK Bwt if therw stottce weire brohcn 
lenf^hwiw thcjr looked like a ToIiIetiI net wUh Iti^ jttrpffrulictdarlhiiB 

Rtfd. irfin^PurmU^Jt Atiw other J/Bftfeporar were Keen 

berc ihnt reeeniblet] rairs hortia, iif aUmt the leui^'th of n fltiffer nnii haring at 
their thickest end only uoo star* Otliem retHnniiled nuinn rupo or gohleln; 
otZierK Hsain wero Umt^ pmHftric o eert^ro, like T'»ljtrlcliiini or golden 

inillden hnlr^ where one cup wati Inserted In the other. All these rynni Atones 
ortv ji>?eordLug to Uic dtSL^^ivery of the Icftrnnd toitanlAt, 3T. nomkiinl JoFsIcn^ 
nothlni? else then sheila elahonilei] by snail wortun that make the&e atnrs and 
atone cruKts* \hctc being worms or iff-r/ajpu’, tfydr^^ and of os mjiti^ 

lilffcnnit k ltirla fiw there nro aI^soI^» of 3htadre|iorleL The n ill mo Is which build 
our cotiilB It re yel iindescribcd. but T m ust lea re theiu tn he examined by nthem 
who have more time, ami who *iin select both iititnble time ond weather to 
nsh for theui In the hay at Kni>olialuLinn, * * m 

Fmtn Store KiirLsiiii IJinm whites as fciElows: 

MadrepotfO, or atnr eomts, wupo pkentlfnl on all the tienchcf^ • * * t omit 

cnnnterutinu the I'onils, estvehilly ns all Gothiud copjiIa which I foutnl clurtn^ 
this trip arc flt pres<ajt the siihjrot of a dlspuiatleu^ u ruler my l^nDsIdln, recofitly 
imhlifOieil In rpsala^ hy the uiiSciilInter aiLsEliAry, Henr. Fougf. * ■ * 

* • • We now know thut this trefltiec was written by Lmnej 
bdt foi'oigii sciontisLs who hnd no knowlcdgo of the ciistum prevnlling 
with us ut Linne's time—thiit is that it iitiivcfiiity professot cuused 
hi.H dtsquisiUoii!; to be pubiitflied bj' a pupil and argued through the 
Jntter nt o formal act of flispiitoLioii where he himself presided—have 
quoted Fought as the author of n paper. G. LindKtKim, in an essay 
entitled "On the Conillia Baltica of Tjinnieus,"* haw explained the 
tmfh of the matter, and even quoted the proofs of tlie fact that LinnS 
was the rcfii author of the paper, as is Ineontqstnhly shown hy a letter 
from llie latter to one A, Back. In the same work Lindstrum ac¬ 
counts for the species described in Lin lie's article, and from this ac¬ 
count it is clear that the descritwd and reproduced corals belonged 
to no less than 2,^ sjiecies, of which 18 have been identified witliont a 
doubt and 4 only tentatively, because one of the figures is of un in¬ 
definable nature. 

In die collection there are. furtlirr, four bryozoans. of which one, 
however, in not foswil, but recent. It w as thus a piileuiiltilogicjil work 
of some magnitude for its time tliot Liniiti here achieved. • • • 

As we have seen, Linnf' at fir^t kdieved that liie corals w'ere still 
to be found living in the Baltic, but in tha lluseum Tessinianum, 

^ " In Ofwc?rsIkt of KnDgl ^(?[{^n^^kFlpKakHdoIul^K Fl^rhandliDpnri An 

rtc^nut i* olKo ghea hem of tlto fn\o of Uip ct^l^lon of fMsIla uftrr it tad 
Cutnc Into the heLtiiiA of Sir Jamofl H ^mllb and Buboflincintly Into tbe jioBscsalan 
of the Linuetku Society.^ 
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which was publiiihcd in andni wiiseqnently cighi years subH»‘ 
quent to the doscriptioii of thfi Olnnd journoy^ be eipressef? his tloubts 
PH follows: 

Tht mvtive icoralHj that are tbrwo uo rttinljalfj on tlie sea^oro at oiir Uelt 
I the flflftlc 8 ea]+ oartlcolarb^ at IfotlanOp I iinve p^^ver seen fresti, fio thiit I 
mnj- well duubt ate niL'tuplIj fltlll wlLb us or whether thtf-y^ Nko 

the bnteliJo|(oda^ luive loni: u^q nklKTiiteil to an uakaDwa fiart of the a'‘iJtld. 

In the Sysiefiip Xiitiira ( 1708 )+ l\ Tuhiportc and 7 Jladreponc 
among the fot^Ls tire qiiuted aa ^ dupt-f tUtaS and eonceniing these 
the following statenjciit k made: " Habitant in Mnii Baltieo^ cum 
quotannis ad Gotland iam rcjiciuntnr, depeixlitir an expresHion alniost 
identical with that for the Onhocoratites. A putt of the Got¬ 
land corals a n't howeverj not included aniong the fosHila* but umong 
living atiiffial.H^ an uticertoliity which has olreitdy been pointed out by 
Lindstrrntn Tlik doubt t>ccanies naturoL howererT in view of what 
Linne says in the Museum Tesslnianuiu Liboul **Porpita^ 
lit/itfA s&ojrh^ti tiietirntt^, ^s^?u jjennVj^ vomit of Jelly fish,^ whidi he 
states are of common oociirrcnce in Gotland and Oland: 


The mot her cf this stone La like a smatl Jollj nah and of lEoictlr tho paaio 
HMfpe- The animal laketi S4>iaa jrvnrH La iha of 

Initles aU{l c)(ULcitnt1 to the tmlutitl lOauu^' colledloa lit Upsala bjr if. mijccr- 
etrStin^ cokiocitar <it eoniEtim'e, m tbal bolh the uninuii and atoue could I>g ?seen 
thdtL Until quite m-outb' Ie wn^f believwl tJuit thh iftone was the renu of oar 
GurtlunJ corals, 4;:alEi^ mtttw* homs/' or at JpaFrt that they were a cofllewcuce 
of day which had psot tniu the stur of the coral ami there ticcoM Eiollilllioil, 
and uohody coaM ever have hdievod that It woukl be a-eix^smty to look as far 
as the Imllc^ fnr thdr orlpdn. 


1 do not know to which animal Linn^ here refer^^ nor b it cssontial 
to the question at issne^ What is most Impnrtunt, however* b the fnct 
I hut he l^elieved he hud foun d one of the Gotland corals {Madr^pom 
f^rhiculnrijt plmia^ wMJ{i roneaa:{i=Pal<roc2/€im porpit^ ) in an 
animiil brought home from the East Indian It h thus quite 

natural that he shnuld have thought that the same possibility might 
apply to some of the others. His uncertainty in thb matter^ which 
we have mentioned, may therefore mther be cousidcretl as a praise- 
W'ortliy cauLion in the face of the doubt as u> which animals still 
remained to be discovered in iliHtant sea;!. 

In thb connect Lon might also quoted what Ijinti^ s^ts in the 
Museum Tessin ianuin n^gardiug the ammonites and hr!l^it^poda, 
About the foi-met‘ he suy^: 


Th* oii^n cf an tiio® Im nnloiewii beotti^ iiie Kben ijf the animal Iuib neltiter 
heeii ftiiuiil In Eumiie nor ^^ftea In any of ihe ciiUwtl(m8, ani therefore M 
pcQerally an^uptiil amoiii; tbene entlirclr estluct Tlicro la no trac® of these 
creatame where thi-y had biw Itaurcfiml la the rock, and TIm? only way 

to HHmaiQ tb^ sj^eeiea of tlieee Joanna i* ffam the m-kfl. 
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After liuvmj^ described see^arii] muaseb(Anomiffi), IMn& 

remsrkisi 

The anlmjilA whi&li liibibEtcd nil th^ ^trUd massela." as ereli a& (Jid ua- 
altered idusUa, are iLawudHjia ouJciteiirn tci as, ns we neTer Hud tJiem Id any &f 
Hie evIlecttAias t.| mnllui^s, nor do we know wlmt In world imiy liftTc 
berotue of them. St 11 In we isLuM aeier hellere that a ipccles has onUrely 
(jerl^lied from the earth. 

That Linnf believed that the seas were nil foo msuffieieatly eiscplored 
for nnyone to form n deebive opinion ns to whether the animals In 
cjnestion reolly wei*e cNlinct is shown with desirnblc clearne^ from 
wlint he says in the same work shout the heleninlte^j 

Xo umtter how coiddish thtaw mity \m now^ iholr orlgLa, n& well as that of 
the amnionln^ "Harts.^’ " BraltiMilrtjfii'ii pennies,” mid Rmchlopoda, rmiiakia 
eutSrvljr utikimwa, Perttaps oJl tbp.he nolmnTs suataSa tla^iFR-ivL-s Jji tho iUH!|he«t 
of the SMI, and ciime nutrorc. It would iherefon? tw dj^lmble If 

thifcw? who g(p to the Indies would search thu ^r^sifio Sea and Oud out wliether 
they do IIvu there now. 

At tlip jimsput time even the Iftynian knowa ihnt rock strata L-ontam 
nuiiitierH of extinct animals, hut tills fact hod nut been cslahlisliiK] at 
the [leriotl hi question. It nmy, for example, he retuembem] hoiv 
Schcuchzer iuterpretnl tlio giant fossil salamander from the stone 
quarries at Oeningen to lie tho skeleton of a man -wlio had jierislied 
in the sitpposec] “deluge.” Liime’s opinion.that dudant seas sbmiM 
first lie e.xplored before drawing uny coilcUlifions as to whether the 
animnht in question were extinct or not was evidently the right one, 
Tliat the conclusions arrived at were sometimes rather hasty (as when 
groups of animals which have living rcprewiilatires at tlie bottom 
of the sea nerc siipposetl to be e.xlinct) is shown iiniutig other things 
by the iliscovcry of Rkisoa'intie tofolt'nslu., u discovery wliich caused 
such excitement at the time it was niailc. 

At Unrsvikcti on Gotland Linnf^ bad an opportunity of observing 
ciibbtes of the kind of limestone kriowii oolitt^,^^ or ^ lish roc 
stcinii,’’" mid on Urn occhbion li« tfxpn!iiriec.l hintBcIf againi^t lUu opinion 
ibnt it might lie potrifieci fi«li roCi 

TtiE^ nthhlf^ uf tlir iiprw*rai«stt are of n sppclcs of cnlled 

^OollthiiED ^ by the bfNuuso It ooud^IjrtH of a white hAllNtnueUk# n>cb 

one cniJfl outf^Ide of tlio otliiWp jxuft Hke a cnih's oyi> [eyefltono j* or stiKnr 
pill. Those whci tmTo pToelnlnied that «iK'h an Of^mhu* Tms nnthlDiL: elK<! tlinn 
pidrlfliHl fish, roe woQld ii."iv+« atl npptutunity of oeelu^ more stooe foe tboii 
ever there wns true iltili rot* la liie world.-^ 

• * * * • 0 * = 


“ In the S^yitiemn Xu tune the MilUe Is mentioned onaajiir the lime^nneM (not 
aniDni^ t±ie fosftlla), and ita It 1 b Kuldt *^Xotnni o cute® eonlcjMMsnte 

firietibua murlB roiuudjila " L e,. It Is ixiiisldered an a purely meubaniail formn^ 
tloiL. 
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^The ^cctfssion of id of the nioimtainj? of Wi^stro- 

gutl^iii wflH uk^udy known in a gouenil way before Limit’s vkii there 
(17411J. SwGtl<^iiborg ^ hatl acciountcd for the fftnitn of BilUn^cen 
* * * and Linda’s pupil Kaliii^ hod [>tiid ii v'i^it to the mountnini^ 
of Kinnekiillc, Holkberg, and Hunneberj^j ieuving a description con¬ 
taining an nltnosi complete actxjunt of iUetiu • * ^ 

Tlic first of the WeTitnjgothia inonntnins ’iiritcti by Linnf was 
Kinnekiillct of which he stales in his travel denseripli<ni; 

Klanckulle Sp tlse rviuiirknlile In the cenutrj, becaow of 

its rNMnillar ^tnathhO mid hIijujo. Thli Riimekulle n mintoUila wlUi broiiil 
ihud ostGDHSTe lemn^Uko clCliOiiStfi ■ • ■ [nf dllfemit imk ajittlifu] wblch 

oj&leaiL tEortKOiitaU^ proin]4l thn fipalpr of ihp- moniilHlii. TlH'i^p iwmiL^ 

nre ulKD MriiAmOHl by abmid ppriitjniUciilflr lirocSplcv# or cllBfa ibe 

very lilidaaa eliurub or eairtlo nulL • * • 

V * « * 4 * * 

In tlio destTiplion Linn£* Ji^itili|^lis^he!?-t from Ixdow upward, the fol¬ 
io wiof^ strata, the heig^ht and knirih i>f which are indicated on a 
fckctch accompanying hk pa[>eF : 

(ff) ITie Sand^^tono Clifi- 

(&) Tlie Liuieiitone Walh consLsting of Sieveml kinds of limeiatoiie 
(limiKitone proper, liver stone [licpaUc pyrittis]^ stinkstoiieiiud 
Cmw jrounlain; this layer is eoverted with ml soil, in which blurk 
(lints i!r«i often found* 

(o) The Redstone Cliff, consisting of “ (ilfliidstone^^ of thn:?e differ¬ 
ent kinds^ that is, undermost, “gi^een slate-pencil stone(Griffol- 
sten), and atw>vc this, finst gray and tjjen red jsotstone/' 

{fl) The Gurstone CIKTh, “a coarse knotted limestone that can 
neither be used in limekilns nor for stone polishing purposes, and 
culled by the peasants * ftorsleii' 

ic) High Hills* cnnsiiding only of round graystones^, 

(/) Crow' Mountain, ^ of black ^date. iiitrcing and thick.^* 

(p) Tl*e Highest of coari^ and hard sancMonr/’^ 

^ pnniErarh tmraeiJIateJy [>recttllai? tbSft mmjn'nHi fHsrura mi pciiit' TH>* 

to tliEp^ iHW Nffltliariit;* A. (i*j Kumeuel ISwedenbori? »oid geolajf. 
OijnU t’Orea, \ SlocktL Foriu 'oL 2S (1000)^ 

Pabr WE^irtjUiii oeb Bebubliladuka lesa rJrrijttad fir 1742. Steek- 

bottitt li Jd 

■^Tlic Irtyow cItcO by Liuaf cerrefsjMsad to Ibe follewlna Htmtn (cofnliciirv 
a. Itolpi: KlnxiekuEJe. S. G. C, »r. C, Nm 172. Rtockbelau 1001). aecorOtajJ to 
dm uomutLClniare now nm^aiUni^i 

The SondBtoQG Cllfl~tlie puadstoao Jayer* 

(h) Tin? IJmi^toiip \Van=tIie layer of nlem slate, r.lnna ttm first 
(Tlolaip Tim?, cit.) to ihitEeo the ixriirnHwo of filnL 
tci Tlio Cliff. The irrceti ^sJjitiMTeTiell s*eae/' or ” pn-tlfelptefi.” 

wIlIpIi airtaraini? In LImif- la the nnilei^noat layer of (hEK el Ilf la. ne«:rrLllim to 
iCoTiii. the lowot BmiiiuUm Pbalejk. LlnnC's - Pmstone ^^ la tbe Ortheceims Ibne 
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This last-montionpii idutctiiptil: tliat the ^ lii^rliest hill ** coiMhitcd nf 
ijindstuiiPj * ^ • is palpably a slip of the pon and sJiodIiI Im 
graystone, lieeaiiso only n few pages furllicr ciu in the l«tter it is ^id: 

Tluf iinpsyniukEtt tiiu tunalikti;^ tutlp&ljr of i^yRtutie coviint'ii wHb mil * ^ • 

4 4 » * * * « 

Tlie motil rcmarkahlo part of the ih^scription^ in nvhjch he goes into 
a cletniled account of his opinion Sn the mattoT, reads as follows: 

Tbs> Mmun terrffl? eVisrywLens amnsa 3ItiisselK.fKr Allcberar aial UltUtiEen an? 
all nkc Muise uf [vianckulleH 90 tbut ivbm one exactly koawa the rix!k layers 
ef KlnnekiillDt one aIhd knoira wimt oiiiy he foaial nil ov&r in fLe ttciilliH. 
m * * stniln extetal eveti fartiier: • • * thtin the firoate of 

Klniiektilk taay ft&n^e aa ii ejew to Uie siratJi tame or nantcuny -iiif ilii' earth’s 
cnnrt, aot only here Iti Wc«triij-oi:hJft+ \mi iwrlmiw tif tbo Breater inirt of llio 
world. 

IJthnijiniesy 1 b a sltatde etKnifiU tan Iter* alth^aigh stiii qalto ottscaro owlnn 
in ttip few Tc«earcbe« as yet made. Wc know tliat tlio mnd of Hie lH>‘^mies 
fHinilstiFzav the comjHHiTriJfi of ihe sediment ut The W'li eUij% tJie rlay In-coTnes 
linio> tlie lime '*blc€be" p^hlorlde r^f Miike|, Hie ^hk^eite^ elialk, and the ehnik 
liltei ut hlJLt. tk’atlH^ inuil lKvotai?A atate nod ihe state atmla surlhei* bo^L 
sew thjif sj>nr. quarts and mck flint, Inpettier with mlea^ any funuud vthei^ 
the rocks have micked and Join them tosether. Wo eeo tliat praystniie la 
formed from loow frianio material ■ * • 

* * * The stflCements luadc in the last partigrnph but one 
* * * open up at once a conception of a nnifomi f?«ccessiotj of 
stmta all over the glotie, and in so doing lay the foundalioii for 
stmtignipliio geolog>'^ and Che knowledge of the hiidniy" of the earth 
in complete iiccord witli the words often cited by linnct ^ that the 
htones ir^hiill speak for theinsclYes.'^ 

It should lx? emphasized right here that Linn^ nowhere mention.^ 
afivthing flbiuit the stmt a undeidying the sandstone layer of the 

stone, but HTTpjMBwIly Qwlne ttt Ik a error In the writlnsc Llime stales tlmt tlie 
oQderEiiiwt stratum of Oils Is fjnij- Instead of red. Tbem are. nf course, 
Hctuiilly four dJvlsIoiot of tbq OrtticK-cms limestone^ trLIeiu tii.-cordtni; to coIdt 
and aort.-emdon Ifr^nii tipwanl)* are distLcigulidied hs the lower mb 

lower Eray, apiiWr red, and luyper ^y, 

(4) The Gorstoue Cllff=tbo upp^r grny Ortbocenia Umestouqa, ^noLm, 
Joe. clL| 

^c)! High HiHh. where IdtimJ did not notice any bedrock eipoinre but only 
loose blocks, tnOBt be con^ldcml nkcorresixuidlng to atmta whleli nro now culled 
the Clnniinot)^ IlmesloTie. Trliiueleus sliriles, ond Brueblopod alijilefiv 

(/) Tlic Crow MDuiiUila=tbe upijer imiotfiUte sdmlcBL 
Tbe Hlgkest miJ^tlie diabnRe coyer (trap). 

It la thm only the CemtofiyBi* flmestonep bfflweea tht' nlum and the lower 
srraiiloHto sbah^ and the three stmLn Just cqentlotied (the ChasmntJfl UtncAtooe^ 
I tie Trinnelfnis, ami the nmcblotKid shnles) ttmt LlnnC^ did not ohserve. Wboa 
It Is taken Into eoaslileraclo^l that he stayed La thts plaec htit three days, uni 
ihat 111* alsj uuitje n tiutpher of bolanlcol and oilier obseryatJona and iikotcs^ It 
mart be udmiUtal tlmt be mcLde flood Ui^ of bis lime. * * * 
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WestrogotLia MountairiBf and in the Cnriositas Naturali^ he comes 
right to the pointy ^ but wlmt tlien foHoivs (L IjcIow the sand¬ 
stone) I do not know*” HLs opinion of the fartnadoti of rock stmtii 
at the bottom.of the seu U briefly set forth in tlie 1?4S edition of the 
Systema XatunCy and the following year (1749) he published an 
account Jigreeirig^ with the former, althoiigli soma what more detailctU 
In the introductioii to the CEconomia Natura\ He assumed ihoi the 
sargassium or sargasso weed floating on tlio sea had been of con- 
fdderable imj>ortaiice in this* rasped, by epucUng tJie motion of the 

’lYEIVCS* • • • 

In tlio SarjaiB^ nn? fouDw] BiKwlefs of blnia anil tlsat tbesic who liave 

aoiittDj; opisB ciDd s|>«Te 0 of Vornie5i C<h:liiloie+ Coaetue^ Oamls, otc^ 

oEb^^r tliim thoae known on tUe plinres, ^mdiuiUj die &fT iiad titen lliaLr 

IkhIEiv fink anil nOsE mitli ibe tilnrp when tliun tiiLxM wllJi clnyp iMilne; tUeniRDlvcfl 
Mverod ivltk limrslieUsL tber tin* clny Into Uii]4.‘8iloiie.* 

Ttilfl QilEkt ^Twe lo cxiiluni aaoh potriaetkllaai!)* OrtliocenktitpM niul 

alboiti, tbe nntmiils of wUlcIi nre now ciillrHy iinknorm lo iih. Itavu ih^n fEiond 
In Itm Uiwo txirkis of Hie **nfJriir" of OluofL Klntiokiine Boeiny lo itullcuto 
ifttiilliir c^indltloin^ ned Hie l^jlieE* umy liELi'e orijsliinled t1irciiij:1i ilic ebnizlomeni^ 
tlna af bch Hind form log im nntltirtniwt lay or of Hiadsdone^ on whieli ro*Eft itn* 
iilate formoil by Hie black mud or fttyr.f- rnterlog Hie Hind of Hie h«i bottom, 
Hn to|i ijf me (ai=Jt btitiii'd Hioro lit n idnitiini of #uiJidstr>no fnli HtmuKe 
fnPRiltf, iietobanm |jreol|dtjitod llircujgb tbe- nctloii of tin? Snnoi^to. Upon tbS?^ 
lEL»t-uioutloiiod layer more fiKnin filafo orlsl tin ting from nKdilod 2?orgnss*i^ 
anil Ihe tUTpennOftl imrE in g'ray rock formiMl of amveh a-hldi imiy lie Idcnttejil 
witb ibnt cnHf np by the seft wlietl Hie twk Amt liccnuie n pbfin^ Hue, 

It Ifi utmngo tlint tlie npp^Tmost fitnd.t of ad Hie m^untnliiB eiaiHlpt solely 
of graystoiie. Frimi tbla It may be coneludi'd Hint sliey [Ilie rttrnEii of Kray- 
fitoTiol haye not tieen Hic-ra from the licglnning, bccodi*? Hse Hniliitn next Iielow 
Jfl fllnte^ wbleh I0 Always formed from black mold; aaiI aa nil mold forttu'il 
from vcgetiible gruwlli, llore mujit bare lioen plan Is before the imijwtono layer 
RfH there* mal Lciiee It eould not baee erortled.* Thoni who would 
trlbale nil this to tbe deluge think ^'ery lit He mnl »ee stUi less, A mucb 
lotiger period tbnn tbi> dnmtiori of the fliNal Iuia 1hh7ii rt?ixiilr<Mt for tbla 

Tliiit the “ imp ” of the AVestrogothia mounUins could l^c Recounted 
for in no other way than did Linn^^ ond Swcdcnlnirg before him. 
is not to Ihj: wondered atj as notidiig was known at that timCj either 
of the enortnoiiH streamR of lava pnnred out in violent volcanic erup¬ 
tions or of horlitontAl intrusions l>etweeu the ir^trato* 

**■*«*• 

Linne stated his view of a dcJinilc sncccsdon of drcita throughout 
tha world id the twelfth editiod of the Systenm Nattiric^ the third 

pnrt of whichj treating of the mincnil kingdom^ was in iTtlB. 

4 * * 

^ The fact that opinions about the Strata tclluris w'ere 

litditHi in tlie Systema Katura? caused them to Ix^xanc widely known 


» 8yirt„ Not., H[xtli €sl. iL note ik 
* Relfien (lun:b WwitgoililaiitL P* tW. 
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nnd accessible to tlic eotin> seiontille world, fact makes it at 

oQce evident tbat they could not have Iioeo without Liilluence on the 
development of geological science, and, as 1 Imve preirioiLsly pointed 
out in jny wnrkn, doitleti^ Ilistoria, Werner w^as doubtless indueuecd 
by them. This infliietice sextma to luive been partly direct and partly 
conveyed through Torberii Berginan^a Pliysical Description of the 
Glotic^ the first edition of which appeared in 17(>8 and the second 
in l7T3-lTT'b The opinion of quotctl in that work^ as to the 

formation of the rock strata from marine sedinientjiry ilcposits^ was 
revised by himself and is identical with the one we have Ijccome 
acquainted Avilli iiliove. But Bergnisin built still higher on the 
foundation laid by IJnn^^ and lie rccogniz;oil the fact that below 
the stratifie<l rocks then? were what he culleiil the primitive or 
prinievjilor what we now term the '^xirchfeaii '■ rock* Ho further 
brought the loose earth stntn tognHher as a scpamle grptip, ^ Hung 
together’Nir piled up'^' ri>fks, and in addition treated the volcanoes 
as a distinct type. The constructive work of geologv as a science w as 
thus quite essentially improved and enlarged and through the 

uiTorts of the German, A. G* Werner* its fmmework may Ije said to 
have iTSiched it a hrst completion, ns the latter di^niled the stzwtified 
rocky into two prindpal group^^ i* e.. nietamqrphic i^K:k.s and sedi¬ 
mentary rcK^ks, each with sevc^rnl stilKlivi^^ions. 

UVrtier has gt oerrtlly l>een considered the founder of the science of 
gfyili>gA\ find his merits m such are in no degree di mini shed by the 
circumstance that he (t>u«triii:letl his system on ilie foundation laid 
hv Linnu and Bergiium, a fact which he himself iivoukl surely have 
l»eeti the first to udndl. If it be asked ’whether be ’was aware of the 
works of the Swedh^h investigators* the answer would lie that he not 
only knew them, hut that lie biiuself bad quoted them extensively^ 

"* # * * * * * 

* * * ty. Ilunghton, the EitgUidi geologist, who naturally can not 
be bTJspiet^ted of partiality in either directions also tsiys that— 

lie I Weroor] EiwinHl m lanre oliUilniH] bis Idni of illvNlliiir tbe reck nyecM 
aceardtUff ta tlielr nrdcr «f auceosalon tluDu^Ui ft study of TJunk'd wurk, hat 
1i^ fnrtlier cletKirtin^ tbls IdfU In miniMMltin: i licit cucli dlfferoot rrek specl&s liad 
been deiMnslteU tlnrluB a dean(te 

*• + **♦# 

It iH quite evident that in order to be able justly to determine the 
value of u discoverer^ coivlrihution to soience, the position of thai 
particular science during the period of his activity must, as has here 

• KaniiicI ttauglilon, Manual of GeoJt^KFt sccoad fttitloDn r^inlan^ 

In th\A work “Ihe' ctildimtcd Llniie'' \m cIteiS iifi the Hna: who kn^w bow to 
nsfllftii a certain ape to rfttb group of mck speclci*. tTbis U jjcrba|ia aomewliat 
n^appenitL^l). Tliere Is fuitber nn ftccauut of wbat Llnne Hlys In ttie E^jatema 
>Bltira! eouoemftig the order of success-ton and orlgta of the rock species. 
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bo^jn done» bp inkt^n into connidorution. If, on lln! oLlipr liitnd;, wc 
look nt Liiiiif h iirningt?merit of tho sttohi tomv from the point of 
vitrw of our proj§i?nt knowledge of them, it certainly appears very 
defc^etive and incomplete, as it onJy ^jnibruces the Cnnibrian and 
Silnriati strata, and hence only an Ineon^dderable i>ait of the on tilt? 
Kucce^ion. But the ^lame remark rnoy Iwi madei and has also lieeri 
niadCt against W emer^s arrangcirneiit^ i. that oven the latter was 
too incomplete. * • • dassification, which was foiimleil 

on the itxFnditions in Swedoii, could appl}^ to no other tliiin Swedhili 
aedimuntuty' deposits, ^\'erner* on his pari, founded Im cluiisltication 
on the ctinditions obtainbig in Erxgt'birge and a^llf^uninJjf parts of 
Saxony and Bohemia,"* and hence also within a relatively limited 
region. 

The general conditions at the time of the establishment of Liiine\s, 
m well os of Wemcr^s, systems were CDiiaeqiiently such tbJit neither 
could be complete* • • • Kaeh [iiniterlat structure") requires a 

firm foiindotion, and it was IJxiue who laid tlie first foundation stone 
of the science of stjatigraphic geology, after w hom first Bergman and 
then IVerner continued to htiild* And through the work of Werner, 
to complete the parable^ the structure reached such n height that it 
cotujiieneed to attract gonerul utUmtion, 


BAI^OERn AND OTIIUR SHiATA OF SlLAKK BKTjONGtNfl TIIK ChCTA- 

cEors PcRum —-* • *—PoEsesTuyENT AS TO THE Laisuth or 
GEorjmicAL Tiaie. 


During hbj journey in Sknne, Linne hat] an opportunity to study 
tlie local MesoKoic strata^ partly tliose belaiiging to the Cretjiceou.s 
isystem und, in north western Skane., partly thoi^ belonging to the 
Lias proper. In aceountbig for tliese U may [HTlulps lie most con- 
Tcnient to * * * cominefice with tho rock now coHikI 

tolaceous lime or shell stone. 

* * ^ Beneath all this wais the mountain it-self, wdiich was a 

loose rock of a pale yellowLli lime. ITiis limef^tone lay iicarlv hori* 
stout ally, with a horizontal edeavnge, and for the mi>at pari it was 
so friable that it could l>c pulverlacd between tlm fingers, although 
farther down it was somewhat firmer than above. Thu speedcs of 
rock is mtlier rare m Sweden, willi the esceplion of Skane, but more 
wmmon in Gennany and Spain, ilnst of the walL in the citv of 
Cadiz are built of tliiin rock species. l^Tieii this blone usamined 
elos4jlj It IS found tJiut it wnsi.stfl entitt:ly of shi'll gmvoi. musseb. 
iKiriwinklcs, corals, or of such grnvpt as is thrown tcgetlier in suiv 


* li. A. ¥. Khtpl, “ 
JntirLuuclurtj*,'* 


cSfflclilotiiQ *|t.r OtoloifSc*' umi " l*amontolcii;ifl Ills Ktiilg iIih« 
Uh W>. AEQiidiL^ Unit i-.ehisl^ IStKl. 
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B^ttrine cliftnndw aiifl hi some places on the dioirs* so that iUb pnitii*^ 
lime rock is but u cemetery of tis many tkad imitimk there 

nre gruitLs hi drift siiiid. • • • Wlien we now further cotmder 
hgw so luany strange animals Imve eojne to be buried here, aiiimab 
that are now scarcely to be seen in Europe^ we meet with a new 
urgumont winch also requires considcrnble refleetaon. The Testac^tae 
or all tbe geni^ra of iim^ls that live on the sea bottom, arc divided 
into the I^ttorulia and Pekgica. Shell collectors call Ihosse mtissels 
nml s^licH animals Littorales which do not live in the deep* but only 
keep to the shores ^ that tlieir shells are cast up on the £4iort*s 
as soon as they die and i>crbih+ Hence thc^ie sbclk arc common in 
natiirabhistoTT coJkdiniiJi. On llie other hand, Pelagiei are thoiie 
shell animals that in tlie dcptli.-^ of tlie and never come near 
the shores^ ii rt’ason why their shells are very dldiciiU to obtain. 
Ihe depths of the sea are mostly barren and covered with sand or 
corals, “witli few tishes and little fauna or tloni, for where there are 
no plants there are few of the wonns and trshes which Live on them. 
Thus there ia but one plant that can gi'ow at the greatef^t depths, and 
that bf the of which greater qiianiities are found than of 

liny other plant in the world. It lloubi nii the water and sticks 
together, so that the at a distance resembles a green meadow^ and 
under this are to be found tbe strang+^t creatnn^s and riius-i^Is* or 
Te^tacea whicli, as they successively grow up and die, drop 

tUeir shells on the bottom and dll it up. licet of the Testacea in 
the monniain we have mentioned are the PclHgicn, and they must 
Imve originated where the Sarga£»a grew, but liow they Jiave come to 
l >0 in ibis place is a harder prrfjlem to solve, Mott people say tlint 
the shells have been brnught hither in the deluge, and tlmt hem^e 
tlicy were witnesses of this wonderful iilteratjon of the enrtlu But 
those who sjiy so seem to me to be very little at home in matheinaties, 
for how could the surging waters huvo thrown the shells a distance 
of several thousand miles to a certain place and then place above 
ihem the other earth strata in such regular order i If these ]>he- 
iiDiiLena arc sufTicietitly considered one must necessarily admit that 
tlte earth must have been covered by the sea, ond that must 

have grown here under which these creatures lived and died, where¬ 
upon finally, after the water had been reduced and the Sar^a^o 
driven away, gravel must have liccn cast up by the wavCii in new 
ridges on the shore and then coalesced into stone. * * * 

^ « * « « * « 

As has been stated above, little w'm knoivn at the time in question 
concerning the deep''^"a fatimi or of the manurr in which shells, 
mussels, and other animals arc distributed on the sea bottom, and 
* * • it is not to be wondered at that Linne^ who in tins respect 
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foreed ix^Iy od otliL-r^ hjive siipjxisiNil that the 

gTflvel lime (lestsccoiis liJijg) iras fometl nt greni deptli^ and 
diiofly ilerjvt=^I from pelagic fortius. This rock s]>ecie^ ns wc now 
know^ is in reuUty a shora forinaticnii^ even if shells of polngic forms 
bo cnibetldod in it. * * * 

* * * After having obfwrved sit TloJsingborg the shifting stiiiLii 
of Siliceous shales and .shaly sandstone contained in the high bluff 
cast of the town • * * Linn^i wrilesi: 

Uihixl reels wiicn. ah tills belslit, I leioa aonn on tlie loiig nioea that 

like wJivt^a Id I lie Tiotind ami Juite Si^ft traees of I be Oiieleflt ^vorltl* 
tmcon jwj nearly otPijeured tint ihvy^ can onlj n^hlrsper now tOut ererythlnp 
bfis thccti siloocedf 

ThisFc woril» are mticnevs of inspiration, and ii may easily t» 
seen that if Linii^ had drawn his conclusions entirely from his own 
abserraliotui in nature, he would (Krtninly have become a clmmpion 
of the iKsIief that tliose geological events of which “ the stones speak " 
had, contrary to the prevailing opinion on the subject, rcqnireil n 
tremendously long iK’riod of time. • • • 

FfHjan# or DipreaEST Kinds—B ziJiuxmjs—TRiuiiiiTKfi^PnACE of 
TJtr. TanxmiTts is tiik Zooi/ioical Sysnui—U raptoute.s™Isci,d- 
sioss IS A3inP4t, 


In addition to scattered notes of a paleontological nature in his 
travel descriptions L>itin^ bos also, aside from his iilrejidy quoted 
work, Coi^llia Balftca, left descriptions of fossils, |>artly in the 
Systenia Xatura-, porth' in the Miiscum Tessflnianum, and also in a 
special paper in the Vetcuskapsakadernlcns IlaniiUngar, 17 o 9 , 


Tn the Museum 'I'essiiiiantiin Lin no gu'es a fairly correct state¬ 
ment of the different waj^s in which fossils may «cur. He eiiar- 
nctenxes four different groups as follows; 

1. hossils ^Fossilia),’ such corals and shellfish as liare lain in 
1 10 ground for a long lime nrarlj' tinchanged [a large part of what 
we now ^11 ** subfossiLs,’’ but afeo nt hcis], 

■41 (redintegrata)’* of creatures coyered 

wntb a hard ^lell, Ujion being embedded in the enrth and after the 
dj^lutjon of the soft parts the cavity was filled with a sediment 
which 1)^ hardened into stone and whidi is now surrounded by tlie 

lime'and dmlk'^ common, and aro found particularly in 


and animats embedded in the sediment 

only the mpr^siiTn iVT “ dissolved 

iitndLr’"’ ■>* ^ -1- 
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4* “ PetrifaL-tiotis, [>t!rfL^t transsubtt AiiLiatii of difi Intf^rior ns well 
n^! the exturior shnpe/^ Such are most fossil trees, but also k^n- 
flfid Ajitcri{P calumnaM^^ (L e.j stiilketl criDoids, which is 
iiayiog too much for them). 

• * * Of the fossils described I shalJ only mention one or 

two of Uio Swedbh ooei The Belemnites arc thtis charucteri^d; 

Tbe Etoflc 3 k EUioiQWbat cxlttnlrienl, htrt eocc'KSiHiVfHL nml Qinj^ he Kpllt 
wJBe Into t\vi> LHiiijil jifijrtsi. It to iuive l»eeii bored llirough 

witli n eoum* from wLlcL immenmK stone llbnikEhutK oxtond 

All wbole Rjteeliueii:^ tuii'o a oonlcal dcpreBslnn nt tbo pckji^ TIiU$ doi'i; not 
appi'^r lo lie irtic of flic tlfTE'd^np jw^trlfiteLlDiiiv tmt of the iitialtcroi;! for^n% nnd 
particularly to tJio£e that an* most oftcja foniid wItU Hone of tbe EelcIoefIhi; 

ujutrljc. 

Ill the Sjstejna Katune (twelfth edition) it is itdded that tlio 
c?aTitY nt the base occefdonally contains n cortJctiJ niiekus [the phrng- 
macone], divided by partitions in tlic same manner as the Xtnitjhis, 
and bnviiig at its side ii siplnm^ a fact demonstrating ibat even in 
this in^tant^ Linri^ iiltentlvely followed up discoverjes mado abr^jad^ 

His description of the brachio{K>d Peiifitm^md 

corniiioiity mrenri'ing on Gotland, b also 
of mterest- He calls it the ^cloven shellv’ and says: 

Wo flntl no itiore than single ididl nX a tliiie, ntiil never a pair, ns In coni' 
rTKiii In uLirRKciar It K*?cniK Ktranm that when we strlAo U wK-U a |mmtrier It 
always ^pllt;^ lon^tudlmlly Into two cgnnl jiarls. 

iruflmibtedlyj however, the most interesting fck^ll in the Tessinian 
collection was the cxiniplete spcciijicn of tlic trilobito named by Linn£ 
pamdojrm*' a species to w'hich AL Brongiuiirt later 
gave the name Liiine's Swedish lunne for it 

was ** imderstone"’ or *^wormstone of water fleas.-^ and his des^erjp- 
tion of it is ns follows: 

In Ibts coneetTon tbcnc Is d Kiicclcfl of Htono from tlie alum rlt iit iniabo 
Ifi tVestTOfpfotbhi tliti- like of wbk'b p?:I*:Ih lir Hic wnrtiL It Is n pure 

Mttck Klptle rtlHiJe, rtM tnrgp m lllp whole iif tlila (folio) paja*. ujoat pTalnly 
Tlip (wHiy Is ovjilp aiilprlwrly blunt imd latcmlly dU EiIcd by more 
tbiin Sf> foldK, w'Uh ns many pftir» of feet iit tlse kIiIcRp of w^hlcb the liladfeet 
un? I he InoKi.'vL In pcacml fniui thin w'ortn ie reKctable moKt clooely 

IIdp nidmdil dllbotif^b of b kind qullc tinknown to usl 

» * • No atoue iiow'jHiJiys kaaim tile ontumlEid more biiPj- ilma this one* 

which Is ihilly bolciji coUerU^I iind ejiitniued, portlcularly by the Eii^lbfh, 00 
tlifti tbo dllli^t rescarvbea of svTcnii men may some day result In aflcertaUilaa 
its or^D. 

• * ♦ Tlie figure given iiy Linnf was rather ctmrsely executed 
(^figura nimis> rudSa,” Dal tun n says)* Tvherefore it has caused later 
investigators some trouble. Linne says that the reproduction is 
almost of natural size, while, to be more exact, the size of the figure 
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is about iwo-tliirdii of the on^rial. The spcciniiMi is in the miiierulog- 
ica] museum uf liie f, iiiverHiiy of Copenhagen, bm iiecordiiig to ii 
statement of Prof. N, V. Usaing it is saiej to be in n jifiur state 
of preservo lion and seems to he gradually approathing dcstrut- 
tion. * * * 

During UIh journey in Skanc,'Linne noticed in tlio flluminoiis 
shales ot Aiitlnirum tin' vcftiffia, already descrjlHsl from 

Hint place bj' Bruiuell, in which the fomicr I'ccogniz^ animals of the 
aime group he hud previously observed in Gland and Westrogothla, 
“ altltough there ns large ns a fist, but here in Andromm not larger 
than flies,' Tlie triiobite in question, named in the Systema Xaturu' 
“ hntontofiffiue pfiiyidorm j9 is the Otenu« /rwncflftM. 

On the Ollier hnnd. he found it dilFiailt to delcrinine the “ Vermieu- 
lortim voginipeiitiimii imagines," also ocetirriug in thh place and cited 
liy Broinell, which, however, he later recognized ns belonging to the 
sBiiie uniimil group, oinl introduced in the Systema Xutiuwj as 
/Nmtd, y Putiformiji,** or what we now coil the 
pi/n’/onniifP 

In Uh* Vetenskapsakademiens Handllngar, 1759, Linno contrib¬ 
uted a s^ial paper, accompanied witli illustrations, on the fossil 
/intomoiithrnpciftuiojsan, in which lie indiidtHl all irilobiteiS. • • • 
Two of these neerl not urrtet our aUelilion; they ai-e pygidia of 
CntymmcM fniuptuta and (\ UuttteulfUt'iiii (according to wSjhlenborg 
and Dalmmi}, ivlule the third is the most, interesting, l^inne says of 
it that it *' is one of the most jjerfect specimens I have been able to 
finil among many thousand fragments,’* and, further, after having 
described the thoracic shield and the Stomatic segments, the lateral 
parts of which [pleurte] “ are not feet, hut an outgrowtii of the 
shielilii jiroper,*' he says: 

The most pecnlLir featuTc of ttla apecfjMm la, flm of alt. the anteiiiwe. which, 
we hni't* hetrer such tn any other, rdiI which moat plainly demoaatmle iliiit tills 
ossll musi. twlou^ iti the leaecl kcdiis (tn which at Ihttl time the CruBtaeeit wi'to 

rift mil), iw. to bt* more exact, a ^utiuE iulenucilliita between Cunerra, Jtfonocu- 
le«. aiia OatKHM. • • * .-ivpi«.ii 


Idle it is true that the specimen described bv Linne, which is 
u-mnlly considered to he the Pfir»lotim and ut all events is 

an oleuid, has been mentioned since that time by ssevcml of thiMie who 
have mv^tigated tile trilobites, it seems Uiut there has been a geii- 
K 'i'' sheptical attitude concerning the anteniio! pointed 

Old by hen toward the end of the last cetUnrv it was shown 

R 1 •"te""”- 

.ubject there Ljnn4^» otwrratifln, Ulld on this 

ubjtet there arose a discussion between the former und C. E Boecher 
the Amoncan geologist, who pretended not to see n S 
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in the impressions describctl by Linne/ whi]e^ on the eontmryj Torn- 
continues to regiird them m In llie prcffent status of the 

ijuesdoii n defiJiite decision impracticable unle^ the specimen de¬ 
scribed by Linne can be recovered. However, Liniir's siinnise that 
tlic^ animals possessed nnteiinie has, at any rate, been confirmed, and 
it wojj ho who first assigned to the trilobites their true po^sition in the 
zoolojiioal sy.Ktem of that day. 

During his jourtif<y in Sk^ue Linne also observed gruptoiites, and 
in the de^ription of bis irrivds gives an illiistnition of tbetiLp • • • 
They are inLrodiiced into the Sy^^tcniii Natunr (1T* *V8) as frrtiptaiithm 
and have ^nce served as a type of the genus. According to 
S. Ap Ttjlfiojrg,* the vertical fortii sihovvn in the figure is what is now 
lerrned the Vlinmcoffraptu^ while the one spirally coiled 

is probably the Martftf/mpttfH ttianffi/lrtruf. 

* * * AlthtHigh jVristolle, Pliny, and Tacitus had, on the w holci 
u true conception of the fomiution of amber* diverging opitiionn were 
Inter e.xpre.'vsed by .^^tcola (1^40) and ethers,-who Itelievcd that it 
had bviui fijrtneJ in ihu sca^ During the joume3'^ in Sklne Linn^ 
noticed aiiil^r iti several places, hut esp«>cial]3'' ui Falsterlx>. * * * 
In the i^ltiseuin Testiinianiim the following is said of amber: 

la It are often fottial saver?! I [ni^wls. llie [jrc^-nce of wLSeb a|icw?i ttmt the 
nnitier Luts been llrjatiaj; auU liaa Ei]wa>'s Im’cii nlaHc Oie tiurftice of rlic mvilt 
Cl, e^ not foruied tii tbv Hwalea with wUcIlis oo their w-lngs are rarely 

frtnaU In ft 

In the Sy^stema NaturBe it is saiil that the insects were incased at 
a time when the amlier was resin or gum, and that they are not true 

foEsdk 

\s a conclusion to this chapter 1 ma3" a[iproprlately €|iiote Linn^^s 
ow n words on the subjects wbicli have here laMfii tlwelt ii|kji] : 

Of whae um are tlie m^at anmlMoniaf petrlfarnouB, of diacn?at aoeclea, aaaiie. 
uial fortn wlilea aru Uua up by Uie imtumUiftalf I'artiajHt Uw i:«.4lecf loa of soea 
sjjeelunms Is olie&r vnulty iiud liiinilaltlvifTkf^ I iJo no1 preeuiae to say: bnl 
we and III our iiiunulabs the miv^i nalnutlo, sbeIJs, muBscEfi* mnl corals ciQ' 
lialaieil la faune, hr It wpn.\ hvfn^ sjtCL^laiviiH ef which arc ih»w helnf; Id 

vain liiroUi}£heut Eanoia*, Tliefle stoaea alone whlstw In ihe midst of ^cml 
Hllenee, * * * 

• «««*«■ 

The hiftalte number of fur^IlK of sfnmee nod ntiknown anlluals hurled lu the 
rueh Ktnitn benc^itb the hlpheet moiiatulna, ntiluuils that tio nmb of eur liEia 
befaera, are the only ovTcIcnvo of tliK> iahabttahts of o«r aacicnt eunli at a period 
loo remetc for any historian to lracf'+ 

r* T<!iminil«t, *‘On ttie nppendripw of trilebhes.” Geoicqrical lUneuxIne, 
p. i n, flud LlnaC '^Oii I be njitKmiliiae of trUobltesc** ibid,, p. IjGSl a tl 
Beecher. " Ou ii anpinctHvJ iIlsciweiT of the aateniue of trllDbLtes by Wane Id 
tTSa,” American Gcolot^lst, Vol, IT p, Ml 

* S, A* TulJbeir^ On the puptolltes de?KTfb«l by Mlainger and the older 

f^wedlsh aathonk,’^ Bltmuif; till K. VeL Akfld. Hjind],p YoL U, No. Stock- 
holm. 18S2^ 
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An wii] bo soon from the isixive aetiounL contributions to 

geokigic^ul science were both many ^ided mid extonsivo. In as^mDUig 
tlie pxLstencc of a definite sticccs^siun of stratw tljcijiigliout tite world 
lie laid u foundation for straitif^hipiiic guologj' which baa been en¬ 
larged by \A"crner and other geologists of suliseiiiient times. Ltnn^ 
certaijiJy did not biiva, and at thnt [}eriud could not have had any 
true conception of the relative age of ilie other scdimeuiary iwk 
species as couipjired with those of the W&trogolhia Mountains; but 
this was a problem for investigiitcirsi of a Inter jwriod to solve. Tt Is 
very interesting to notice Low^ it gradually dawned upon him ihni the 
fossils in the Siltiriiin ^nita^ which he at first bdteved to e.\ist in tlic 
depths of neighhoriiig wen* probably for tlie most pari extinct: 
and the same nmy also Iks saiid of certain Cretaccoui^ fotwiliv Tliih 
circnmiitiincQ ^mctl so ren^arkablc to him liecaiLse of the fact that 
at that lime there e.vi^tad no adequate concepl ioii of the real h^\ of the 
earth. Liniic^ who in so umny things wa-s far ahead of hiH own time^ 
jbCcJiiA even in this respect to have hcen inclined to emancipate hitn- 
self from tlio prevailing opinion, fliub as has been stated above, it was 
only Ills convictiem that the Bible should be literally interpreted that 
preventttl him from adopting a fiirjrc liberal view. On the other 
haiid^ be strongly opposinl the prevnlont belief that iho evidencei» of 
a former highiT water level wdiicb were so commun in •Swi-Klen* w'ere 
ronnected with the 'Nlcluge*'^ On tlie contrarTi" he declares that he 
has never seen a trace of that catastrophe. 

The evidences! cited by him in support uf this higlier water kvd 
of ancient time-F* which arc fi>imded on his own observatioiis, are 
clear and positive. • • • find be wjis the fir?t naturalist to dC' 

soritie shore lines in the higli mountainiL 

He always tr^ok special painji to collect data on maLermI of econonne 
iiiiportiince, ninl hunce also tulaired within the reiilm of applied or 
pructkiil geologi\ It sboidd here lx? rememljored that aUhougb he 
pointed out tho significance of marl in tlie agriciiltuml development 
of Skiine, he w^as far abend of hii> time that « hundred ycarts 
passf?t] liy l^efore Ids prophrey a^mmenced to attain its fulfillment. 
* * • lie left a clear and coiicii^ statement of (ho difFcrent wuiya 
in which fossils may occur; bo pid>liBbcd-[in excelleul description, 
ffT its (iinCj of Goiloncrs fiissil comlst he wits the first to assign to 
the irilohitcs their true [lositioii ui (bo zoologicitl system of llio period^ 
and in the Museum Te^niaiium and tlie Svsteina Natiira? he de^ 
scribed a great miinber of fossils, many of wldeh still retain the spe- 
eific names assigned to tliem hy him. 
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liiiiii^'s contributions to the sciences of geoiogr untl pulpontology 
were cooscqucntly of such a nature and extent tiiai eacli aJone would 
have SGCun^ him a respected sdenttfie nnine. These have long lawn 
overlooked because of the fact Uiatt in spite of tJieir great intrinsic 
importance, they were overshadowed by the magnihcerit acliievenienta 
Uiat linked his name with the biological sciences, and because of the 
additional fact that geology nt bia Umo did not exist as nii ititle- 
pendetil science. Wliat we have now seen, however, seems to tlemon- 
state that even geologi- has every reason to appreciate what Linn£ 
has done and aooomplisbed as one of the founders of this science, 
saaos—9M iDos—ts 
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By Prut gitVAKUB P. Tno^pso^f, D, Se,, P. fi. 

Pital Pretitlitift of fj^r In^iUutiuH of EttX$ticat EKOintert. 


On tho iTth of Deccmh^r, ISOT, nfjetl 83 ycar?^ died William 
Thom.Sf)ti. Ttfli-nn Kdvin of Ijirgs. 

Adequately to set forth the life and work of n man who so early 
won and who for so long- maintaTned a foremost place in the mnl^ 
of science were a task that is fmnidy impomible. The greatnese 
of n nuin of sudi commandiiiji abilities and taich profound influence 
t»n not rightly be ganged by hts tuntemporarieiH boweTor intimately 
they may hare known him. But if by the very eircmnstunce that 
we hare lived so near to him we arc rlebartvd from rightly estimating 
his grcatiie^, wc at least have tlie ad vantage over posterity that we 
have been able to speak with him fact to face, to Jenm at flrst hand 
his modes of thought, to sit at his feet as students or ilisdples, to 
marvel at his strokes of genius achieved before our very eves, to Irarn 
to love him for bis single-hearted enthuaiasiiBS for his idndliness of 
soul, his unaffected simpUdty of life. 

But if wo may not attempt the impossible, we may at least essay 
the task of setting down m simple faslnon some acoount of those 
things whid) he achieved. 

T-ct me firs! set down in briefest outline a sketch of his early life. 

Bllliam Thomson was liom on June 2G, 1824, in Belfast., being 
the second son and fourth child of James and Jlargaret Thomson. 
James Thomson, who was at th at time professor of mathematics in 

' KounOeJ by the lustlititloo of Electrical Englnncra (of Greiit BrltalnTm 

moiuory of the vrork of tUe Blgbl. tfoiL J^rd O, G. C. Y* B, B. 

EL 11(1 of Ills coQneetlon Trltli the rn^tutlon as pfosEiloTit Jn 1^4* tn IS8D, and 
Iti 1^07* . " 

^ HrprtDU>d. by p^mtlAtlan, from Joiirna] of ihv InfitltdtJon of Electjlcal 
Ka^oens London^ ¥oL 41, lOOS. pp. 401^23. 
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the Iloyal AcAdeinic In^stitute cif was tha ison of a small 

farmer at BalEyiiuiiLnch^ In County l>ow!i, where his nru^tora had 
settled about the yt^r 1G41 when they migrated from the lowlands 
of Scotland. James Thomson had early shown a taste for mathc- 
iTiatk^l studies^ and by study of lx>oks had tiuisteied the art. of mak¬ 
ing sundials. He had then been sent to u siimll school in the district 
to learn nnd mathematics^ rising white still a youth to the 

position pf assistant teacher. During the winters he followed the 
courses in the University of Glasgow, crossing hack to Itelfast for 
the suintners to rKsiime teactnng lit school. After thus attending 
Glasgow University for five years he was appointed professor of 
mathematics in 1615 at the Belfast Academic Institute. His eldest 
son, Janies (l^ord KcIvin^s elder brother), was liom in 1622^ and 
Wiiliain (Lord Kelvin), as already stated, in 1S24* In 1830, when 
William was 6 years old, his mother died. ITis father woulii never 
send his bo}-s to school» but taught theoi liiinselL In 1SS2, when 
William was 8 years old, Professor Thomson was olTeiied the chair 
of mathemaiics at Glasgow% and he with hiH family of six children 
accordingly removed from Belfast, He was in many ways a remark¬ 
able maUn Ho made several original contributions to mathematics 
and produced ^^veral .^und text-books, including one on the differ- 
etitifll and iutegnil culciiliis. But his range of accomplisliments 
was wide. He was an excellent classical scholar, familiar with both 
Latin and Greek, and able, on occasion, to give lectures in the classics 
to the university students After hte rciiioval to Glasgow he still 
kept the education of his sons in his own hands, and so it happened 
that in ISJU William Thomson, when in his elevciuh year, inatricu- 
hited as a student m the university without ever hnvLug been at school. 
He early made his mark by hLs progrc^ in mathematics and physical 
science, and in 1640 produced an e^^ay “ On the ligum of the earth,’^ 
which won him the univemty medal. He also read Greek plays 
wdLh Lushington, and moral philosophy. To the end of his life 
he was In the habit of bringing out quotations from the classic 
audiors. His fifth year as a student at Glasgow (iSStJ^O) was 
notable for the kqpuh^ toward physics which !ic received from the 
lectures of Prof. ff. P. Kichol and from those of David Thomson (a 
relation of Faraday), wfio temporarily took the clo^^ in natural 
phiio^phy during the illness of Professor .Meikleham. Li this year 
William Thomson had systematically studied the M^^anique An- 
alytique of lAgrange and tlie !5Ieeaaiquic of place, both 

mathematical works of a higli orderj and had made the acquaint^ 
ance—a notabie event in his career—of that remarkable book, Fou¬ 
rier a Tli^orie de U Chaleiir. On May 1 he borrowed it from the 
college libraiy. In a fortnight he had read it completely through. 
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The effect of rending Fourier dominated his whole eaneer thentC' 
forward. He took the IxMik with him for fTirther study during n 
three niontJis^ visit to (iermany. During his Inst year (1940-41) nt 
Ginsgow lie conimunicatetl to the Cambridge Mathematical Journal 
under the aignatiire P. Q. an original paper On Fourier’s 
expansions of functions in trigonometriiail series,"’ which was ii 
defense of Fouriers deductions against some strictures of Prof€S3sor 
Kelland. lie left Glasgow University after six years of study* 
without even taking his degree, and on April G, 1841^ entered as a 
litmlent al St. Peter's Colleget Cambridge. Here he speedily itiade 
his markf and continued to contributUt at litvt anonyttiously, to the 
Cambridge Mathematical Journal^ papers inspired by his studies of 
the higher matheiiiaties and by his love for physicsL The analog>' 
between tlie movement of heat in conductors along lines of flow and 
acro^ surfaces of une<|ual temperaturct and the distribution of elec¬ 
tricity on conductors in sucii a way that the lines of electric force 
were citisslh! orLhogonally by surfaces of equipotential, led to his 
papt^r entitled ‘‘^The nnifomi moLion of heal in homogeneous solid 
IkkUcs, and its connection with the mathejiiatical tfiwry of elec- 
trieit 3 '.“ Here was an undergraduate of 17 hand I dig methods of 
didiciih integration readily and witli master^", at an age when most 
mathematical students are being ajssidiioualy drilled in so-called 
ge^Jinetrical conics” and other dull and foolish devices for calculus 
dodging. Il is true he followed the courses of coaching prescribed by 
his tutor, Hopkin?^^ but he could not be kept to the routine of book 
work and he never quite forgave Hopkins for kcfeping from him until 
the last day of his residence at Cambridge Green’s rare and remark¬ 
able Es'^ay on the Application of Mathematical Analysk to the 
Theories of ElectHcitjr and ilaguetism* He also formed a dose 
friendship with Stokca;* then a young tutor, with whom, until his 
death in he luaintaincd a continual interchange of ideas and 

suggestions in malbemfltieal phi^sics. Of Thomson's Cambridge 
career so much has been written of lute that it may be very briefly 
touched here* How he went up for his Tripos in 1845; how he came 
out second wrangler only;, being beaten by the rapid Parkinson; how 
he beat Pnrkim^ii in the Smith’s prir^e competition; how he rowed 
for his collegia to save Peterliouse from being bumped by Cuius in the 
univerHity races of 1&43; how he won the Colquohoun silver sculls; 
how he helped to found the Cambridge University Musical Society 
and played the Frendi horn in the little orchestra, which al it^ first 
eonccrU on December 8, 1813, performed Haydn's First Symphony, 
the Overture to J^tasumcllcit the Overture to Semiramide, the Rov^al 
Irish Quadrilles, and the EU^bethen Waltzes of Strauss! But thes^ 
things)—arc they not written in the book of the Cambridge Chronicle? 
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Once when Tw^^rcl Kelvin wm in n chutlij uxood I uskiMt him point- 
blank bow it CM!unmd lie y^ns not i^fiipr wrangler. Ilbt blue 
eyes lighted up Hh he prrH^^eilvd to explaiti thai Piirkinsqn had Won 
principally nn the exerciser of the first two days, whieh were devoted 
to test-book work rather tlian to prt>blems requiring ani^lylicDl inves- 
tigution. And than he added., alnio^ ntofully; ” I might have ruiidc 
up on the lust iwo days but for my ImhI generalship^ One paper wom 
really a paper that I ought tq have walked thmngh, but I did verj" 
b»dly h 3 ' my bud generaIship^ and iiiuj=i hove got hardly any marine 
I spent nearly all the time on one particular probletu that interesled 
roe^ about a spinning top Iwing let fall oi^ to a rigiil plane—a veiy 
aimple probirin if I had tackled it in ihe right way^—but ! got in¬ 
volved and lost itmti on it unil wrote ^ojiiethiiig that was not good, 
and there was no time left for the other questions, I coulil have 
walked ov^t the paper. A very good man Parkinson^— I didn't know 
him persionfilly at the time—who had devoted himself to learning 
hcivr to answer well in examinations, w'hile I had hmh during pm- 
vioiis months, my head in some other subjects not much examined 
upon—theory of heat, flow of heat Iwtween isothermal surfacea^ 
dependence of flow on previous alate, and all the things 1 was lenm- 
Fourier." And then he drifted oil intti a talk of his early 
pape^rs, ami to tho mathematieal inference (as the result of assigning 
negative values to tiie time /) thai dierc must have been ft ereatiozL 
he eontinued] ^^ihis argument from Fourier that made me 
think that there must htivc been u beginning. All mathemitical con- 
tinnity pomts to a beginning—this k why 1 stick to utoms • * * 
and they must have been small—smallms-s is a oocessity* of the com¬ 
plexity. They may have all been creutefl as they wore, leomple.xity 
and all, us they are now. But we know they have a pu$t. Trace 
back the past otid one comes to a beginning, to a time zero beyond 
which the values are iinpossihle. IPs nil in Punrier/' 

On leaving Cambridge Thomson went to Paris and worked in the 
labomtoiy of Regnault itt the College de France- fie was hero four 
montlLs. Iherc wits no arrangement for systematic ins-tnjction, ajid 
Thoniiion^H prindpal occupation was to work the nir ptmip to make u 
Vacuum in one of two large glass globes wdiich Regnault was weigh¬ 
ing against one anotlier m some determinalions of the densities of 
gases. He mode here the acquaiutance of Biot and of Sturm and 
loucauH. of whom he spoke in terms of adinimtionb Returning^ he 
was awarded a college fellowship of £:20O n year. 

Tlioin3«in WMfn now 21 years old, but had'alrettdy established for 
himself a growing ^putation for hi$ mustery of mathematical phyi^i- 
1 C& He had publkhed about a dozim orig^nol pajiet^, and had 
gained experience in tbree iiniversitiea. In 1340 the chair of natuiul 
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philosophy at GJasgow Isecumo vaeuJit by the death of Professor 
Aleikleham. and Thomson^ at the apfe of 22^ wag dio^n to till it. Ills 
father. Prof. James Thomson—he died in iart9—^till held the ehair 
of niutheiDatieSf Prof. Thomas Thojiison hold that of ehenii&trVj 
Hiile Prof, -\llen niomson occupied tlie chair of anatomy. William 
Thomson was the youngest of the five Profoissors Thomson then 
holding offif“C in Glasgow^ FTe chose for tlie subject of hk inatigurul 
lecture: the distribution of heat through the earth.^ 

This professorship be contimifd to hold till he resigned it in IS&JJ, 
after continuous service of fifty-three years. Of his work as a 
imiveraity teadier tins is hardly the ocx.'ab'ion to say much; it will 
l>e fully described by his pupil anti sncccssiori Proh Andrew Gray. 
The old eollege buildings where he lecturccl and worked for twenty^ 
four years were ill-adapted for any laboratory facilities^ yet he 
contrived to organize a physics lal>oratory“lhp first of its kind in 
Great Pritain—in some disused roomg in a dark corner of one of the 
quadrangles, and enlisted the vdlnntdry service of a number of keen 
students in his early esperimeniul researches on the electrodynamic 
nncl thermoelectric properties of matter^ In the lecture theater hk 
manifest enthusiasms won for him the love and respect of nil siu- 
dents, even those who were hopelessly unable to follow his frequent 
fliglit^ into the more alj^^lnise realtus of mathenuitical phydes. 

Over the earned students of natural philosophy he exercised an 
influence little short of inspiration^ an influeuce which extended 
gradually far beyond the hounds of his own university. 

The next few years were times of strenuous work, fruitful in 
results* By the end of 1850^ when he was 26 years of nge^ he had 
published no fewer than Tst) original paperSt mostly highly maihe- 
rnatir!i:il m characier, and several of them in French, j:\jnong these 
researches there is a remarkable group whidi originated in hk 
attendance in 1&47 at the meeting of the British Association. He 
had prepanefl for reading at that meeting a paper on the exceedingly 
elegant process discovered by himself of treating certain problems 
of dectrostatics by the method of electric images, a method even now 
not sufficiently well appreciated. But a more important event was 
the fiommencement of his friendship with Joule, whom he met here 
for the first time. Joule, a Manchester brewer, and honorary secre¬ 
tary of the Manchester Literary and Philosophical Society, had for 
several years been purpling his researches on the relations b^tweon 
heat, electricityj and mechanical work* Incited at first by SturgeotT 
into investigations on the eJeelromagnet, and on the performance of 
electromugnutic engines—that b, electric motors^lonle had already, 
in 1840, coniiiiuni<^ted to the Boyal Society a paper on the PrtK 
duction of heat by voltaic electricity,’^ Ha had alki read papers at 
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tlie Britifdi AKMiciatioirs ” C)ji I he electric origin of chem¬ 

ical heatj’" At ^Lmch&^Ler^ in 1843 ; '' On the citlocifio effect of mag¬ 
neto-electricity and ^ On the mechanical value of beat*” at Cork^ in 
^"On specific beat/^ at York* in 1844; and '*Oii the mecbanioal 
cqnivnJenl of bent/" at CTambridge^ in 1845* But ut (hat date^ when 
thei'^^ was 03 yet no doctrine of eotificrvaiion of energy^ when scien¬ 
tific tncit were not accustomed to tliatiuguish either in langnnge or 
in fact lictween force and work, irhen ‘‘■caloric^’ was classed witli 
light and fionnd among the impoiidernbles" Joule^s work was 
listened to with impntienee, and bis teachings fell upon deaf ears. 

as he not nil atnntput', dabbling in soioiico. and carried nwnv with 
strange notiun^? For the Oxford meeting, too. Joule hiid prepared a 
paper. Its title w’as “ On the mcehanteal equivalent of licat, as 
detcniiined from the bent cvolTcd by the ngilntion of liquids.'^ It 
was relegated to an iinimportant place, and would liav'c received as 
little notice ns its predecessors but for Thomson's intervention. 

ITionisoii, ill fact, though he at first had some diffienlty in grasping 
the significance of the matter, threw himself heart and soul into the 
new uiid strange doctrines that heat and work were mutually oon- 
vertible, and for the next six or eight years, partly in cooperation 
with Joule, partly Independently, he set bis unique ixiwers of mind to 
unravel thoise muUinl rclation-s. 

Thomson’s niind was essontially mctricaL lie was never satisfied 
with any phenomenon until it should have been brought into the 
alugic‘ where niimorieal ttcinirncy could be determined. He must 
measure, he must weigh, in order that he might go on to calcnlntet 

** 1 often say, ’® he once remarked, *' that when yati can measure 
what you are speaking about and express it in numbers, you know 
ssomething about it; but when you can not measure it, wlien you can 
not express it in numbers, your knowledge is of a meager and unsatis-' 
factorj' kind; it may be the beginning of knowledge, but you liuve 
scarcely, in your thoughts, advanced to tlio stage of srience, what¬ 
ever the matter may be. • • ♦ Tlie first step toward numerical 
reckoning of properiii-s of matter, more odvanced than the mere ref¬ 
erence to R set of numbered s-tandarrls, as in the mineralogist’a scale 
of hardness, or to on arbitrary trade standard, as in the Birmingham 
wirc-gawge, is tlio discovery of a continuously varying action of 
some kind and the means of observing it definitely and measuring it 
in ternil of some arbitrary unit or scale division. But more is neces- 
-!iry toiomplete the science of measurement in any department, and 
thiit IB the hxing on something algoluiely definite as tlie unit of 
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m-koning.-' It was In this spirit that Tliomscm approached the sub¬ 
ject. of the tninsfurmatiou of heat. .Fotile Imd laid down on certaiu 
lines the equivalence of bent and work, and bad even imssured the 
iitiiiierical value of the equivalent. But before him, in 16M, Carnot, 
though he proceeded on the fallacious assumption of the material 
nature of caloric, had, in his rcmurkable book, Reflexions sur la puis^ 
sauce Motrice du Feu, diseus^^d the proportion in which heat is 
convertible into work, and luul introduced the very vahtahle notion 
of submitting a body to a revet^ible cycle of operations such that, 
after having experienced n certain number of transformations it is 
brought buck identically to its primitive physical state us to den¬ 
sity, temiieniture, and molecular constitution. He argued, correctlv, 
that on the conclusion of the cycle it must contain the sa T P c quan¬ 
tity of heat ns that wliteh it initially possessed. But he argued, 
quite incorrectly, that tbe total quantity of heat lost by the body 
during ono set of operations must bo prcciseh' compensated by its 
receiving back an wpial quantity of heal in the other set of opera¬ 
tions. tVe can see now that this is falser for if it were true, none 
of the heat concerned in the cycle w'ould be transformed into 
work. Those who were invest!^ting the subject at this time, among 
them Clausius and Rankine, perceived this, and noted that since 
the steam rocscived into the cylinder must be hotter Ilian that ex¬ 
pelled fixMii il, ihe degree to which the transformation is success¬ 
ful must depend on the respective temperatures; a fact, moreover, 
recogtii24H] by all enginceri since the date when IVatt discovered the 
adi-autagt; of cooling the e.riiaiist steam by a condenser. Gamot, 
indeed, proved that the ratio of die work done by a perfect^that is, 
a reversible—engine tn the heat received from the source depends 
on the temperatures of source anti condenser only; and when these 
temperatures arc nearly equal the cfllciency is expressible by the 
product of their diflerence into a certain function of either of them, 
called “ Carnot's function.'^ Rnnkitie went further in pointing out 
that this function was greater as the temperature in question was 
lower. But here Thomson's exact mind seised upon the missing 
essential. TemjM^ratures bad hitherto been measured hv arbitrarv 
scales bowd on the expansion of quicksilver, or of air or other gas’; 
and the quicksilver tliermometer scale did not agree precisely with 
that of the air thermometer. He was not satisfied with arbitrary 
scales. Ho had this in hand even before his first meeting witfi .Toulc, 
and ill June, 184S, comtnunicatctl to the Cambridge Philosophical 
Society a paper *‘On iin absolute thermometric scale founded on 
Carnot's theoty of the motive power of heat, and calculated from 
Rcgnault's observations.” In this paper he set himself to answer 
the question, Is there any principle on which an absolute theimo- 
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metric scale cun tjc founded! He arrivct;! at the niisnver ihnt Riidt a 
5C3ile is ubtaiiie<l In Lernx^ of (.lamot’s t!icor}% each degree Ijciug 
temiined by the [jerformance of erjtial f^tianiitje^ rjf work in ScLtuif^ 
one nnit of heat be Lraiksformed in Iteing let dmvn through that 
difTcrence of temperature^ This indicates ns the absolute zero of 
temperature the point which would be marked as —27^^' on the air- 
llicrmouieter scale* In 1^19 he cluboi'iiled this mat Let in a further 
paper on “ Camot-s theor>%” nn£l tabnhited the values of “ Cariiot’a 
function '■ from C, to 2iil* C* Joule^ writing to 'ITiomsoD in De- 
cemljcr., I848j sugffesled tJiai prolmbly the values of C4tmot^s func¬ 
tion ’’ Would turn out to tite i'iN:^iprm*a1 of tite [djsolnte lenijMfni- 
tures as measured on a perfect ga® thermometer, a conclusion inde¬ 
pendently enunciated by Clausius in February, 1S5CI. Indeiiendently 
of Joulct Mnycr and IfeJniboltz had Iwcn considering the same prob¬ 
lems from a more general standpoint. TlelmholtzV famous publica¬ 
tion of 184T, Die FlrUaUung dor Kruft—On the Conservation of 
Force (meaning what w'e now term '* energy ’") was chiefly cnticerned 
with the propc^sition^ based on the deiiiul of Qie possibility of per¬ 
petual motioriT that in all the tran^^fomintions of ejiergy ilio sum total 
of the euergice Jti the unn-erse rcfiuiinH constant 

Thomson continued to work at the subject. Ho es|>erimenced on 
the heat develojiiHl by comproasion of air* He verified the singular 
prediction of his brother, Pr<jf. James Thomson^ of the lowering by 
pressure of the melting-point of ice* He gavo a thermodynamic ex¬ 
planation of the nonBcaldiug property of steam issuing from a high- 
pressure boilen He formula tail, in the years i&Til to 1854, with soien- 
tific piiwisioii^ ill a long comm un teat ion to the Itoyal Sticiely of Etlin- 
burgh, the two great laws of iheHuwljnamics—(1) the Inw of efpiiva¬ 
lence di^coAered by Joule, and (2) the luw^ of tnmsfortnution, which 
he generously attributed to Cnmot and Clausius, Cluusiiuf, incleed, 
liad done little more, than put into mathematical language the equa¬ 
tion of the Caniot cycle^ correclcd by the urbitraiy substitution of 
the reciprocal fpf the absolute temperuture ^ but Thomson never Avag 
grudging of the fame of independent discoverei^ ^Quesiiong of 
jHfrsonal priority/^ he wrote, "^however interesting they may lie to 
the persons concerned^ sink into insignificance in the prospect of nny 
gain of deei^er iiu-ight mtg the secrets of natureJ* - Ho gave a demon- 
stratioji of the second law, founding it upon the asiom that it is im¬ 
possible, by means of inanimate material agency* to derive mechanical 
effect from any portion of matter by cooling it bdow the tempemture 
of the coldest of tlie surroiinding objecU* Further, by a moiit ingen¬ 
ious use of iho integniting factor to golve tho ditferential cniiatioii 
for the quantity of heat needed to alter the volume and t cmpcmtuio 

rr«fl4lotillHl flcMrea, BrSL A*B,p IfTl a^d Pepular Lecturea, VoL tl, p, iQOi 
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of tmit masss of the working ^ubd:nEe€;, he gnvi! pretisie niiathcinEitieal 
proof of thtorvni tliut the efBeicncj of the |>erfect engine working 
between given temperatures h inverselj proportiunal lo llie absolute 
teiii|H!!rature« In eoliabonitiou with Jouk he worked at the '^Ther- 
mn] efftHrU of Auick in motion,"’ tlie r^nlts appearing between the 
years 1852 and 1582 in n series of four papers in the Philosophical 
Tmnsartions, and four othei^ in the Proceeditigs of the Royal tSwi- 
cty» Thus were tlie fouudationa of thermodynamies laid. Thk bril¬ 
liant development and geneniikation of the subject (which hud 
grown w ith t^lartling rapidiLy from the nioment w hen tlelinhuIlK de- 
niG<l perpetnal motion and Thomsan gra^fpet! the conception of Liu- 
absolute zem) did not content Hiodisoti. He musst follow its appli- 
catioQS to human needs and tli© ctismic coiisequeoc^ it involved* And 
HO he not only suggested the process of refrigenitioii by the sudden 
e.7cpension of compressed cooled air* but propounded tlie doctrine of 
the dissijiation of energy* if the availability of the energy in a hoL 
body bo proport ion a I to its absolute tein|jcraturet it follows tliat as 
the earth and the siin—nay^ the whole solar syjdem itself—cool down 
tow^ard one uuiforiJi level of tem|>erutureT all life must perish and all 
energv' l>ecome unavailable^ Thk far-reaching condu-sion “ once more 
HiiggcMesi the question of a beginning* a quesflion wbidi, as alroudy 
remarked^ had ariiRUi in the consideration of the Fourier doctrine of 
the tlow' of heat» 

In 1352^ at the age of 28, Williau] Thomson married Margaret 
Crum and resigned his Cambridge fellowship. The happine^ of his 
life w^as, how-^ever* shudowed by his w^ifes precarious healtli^ necessi¬ 
tating resi(leoc?e abrciud at various times. In the snintner of 1555 
they stayed at Kreuiznach, fium which pk^^ Thomson w^rote to 
Helmholtz, inviting him to come to England in September to atteml 
the British Ai^sociation meeting nt Glasgow, fie assured Helisdiolts? 
that his presence would 1*0 one of the most intercitting events of the 
gathering* so that he hoped to see him on this ground* but also looked 
forward with the greatest pleasure to the opportunity of making his 
neqiiaintancer as he hEid dcsiret! this ever siuec the Consfervation of 
Energy bad coirjc into bis bauds. Accordiugly^on July 2& llelitiboltss 
left Kdnigsberg for Kreutxhfldi, to make the acquaintance of llumi- 

■“Thnre In at erraiTit \n tbe auUerSal worlJ a imiTcr^] ten^lency to the illfwJ- 
jaitloa of zueclinatcal ea&rgy. Within a fliiUe period nf time [wat the mrth 
most have heen nndi wUlilu a Unite iKhflud of time to rtime the earth munt iienln 
lie unfit for the bahltatJcu of auini om at present consUtnteil. unless uperatloiLs 
have bceu or are to hi* iierfomied which nne Impoaalblc under the l^vr^ to which 
the known eiwratlons aa at tireaL^ut lu the material world are auhjcct'' 

(MathcTDatieal and Physical PuperB. VoL L pi 514.) 



754 AJsrJTUiLL KEPOaT SMItHfiOKlAN TNSTITUTIO^r, 1908. 

&on 1>eforB his journey to England. On AugiM <S he wrote to Fmu 
Helmholtz that Thomson hud mad& a deep impression on him. 

l find tfee mu Up vsh^ ts ime of tlio nr«t (rntbemntJciil |th^s1cl!it« tif 

Europe, eomewtuit older than mjiwlf and was not n iiltio astonlRhod when a 
very Javenlle and exceetllagly fair youth who Inohed ijuite Blrhrth came for- 
wiirtL He httd takoa a room for uk^ eloae hy iinii ninde me fetch my tJiLni:^ 
fitum the hfitcl noil pnt up them. He Is nl EreutEuaeh for IiIk wife's UoaltlL 
She njjpefired for a short tliae In the evcoLugp and Is a eharmliij; and latel- 
leettml tftilyp tmt ta very had bofiltlL He far eKceeda all the jerent rrvpii of 
fseleneo with whotq ! have made iH^rsoaal neQualiitnueLS In Intelll^neep Hhd 
hiclilUyt sad moblitty af thota^tH m that 1 felt i|Uhe wotsdeEi bcn^lde him pome- 
tlujes. 

A year later Helmholtx again met the Thom^ns nt SchwalbadiK 
Writing Iq hia father, he tl^ribed Thomson as certainly one of the 
first mathematical physicists of the davt with powers of nipid inven¬ 
tion such aa I have seen in no other man.” In ISfiO, after the death 
of Mrs, Helmholtz, the great German philosopher again vhfited Brit¬ 
ain, staying writh the Thomsons for some weeks in the island of 
Arran. In IS^ ITelmholtz, who in the meantime had married again, 
ranie to England and ^dsitetl the chief iiniverflitiei^ and in writing to 
his wife gives an amusing picture of bin doings. 

3ry Jouniey to G]aF 4 ?r>w went off vciy welt The TboniBona Lave lately movLid 
to Uve in tlie nulverslty Imlkllu^ Olw old colli-gB); formerly thtTy Kfiefit mure 
UDia In Uko eounliy. He tnheo no holiday ;it EuEftefi but hio bmther Jame^ pm- 
fcBsor of cn^lnL^TlDS at BelfikKtp unit a who la a atiiflent there, were 

with lilai. The fomter la a teveMieadihl fellavr, full of good but ean^ for 

nothing; except eaglneerlu^p ami talka alxkiu It cfMiaeli^ly aU duy and all 
iMj that notb]!!); elite can be in when lie $i$ prcwiL It 3a really comic to m 
how the iwfH lifothem a I citiu auolher nml neither llotenap and each hnltla 
forth about quite illifen«ul malterfl. But the enKSneer le the most stubborn^ nad 
generally geta thmat^h with lih^ In I he Intervahs I haio sera a quant Ity 

of new mad moat Ingctilottii EipparntuN and csperlmenta of tV- Tlioiiauu. which 
made the two day a very laler^atln^. TTc think n so ratddty, Lnwfvcr, Hint on^ 
has to art at the ueceesary Infoiiaatlon about the make of the llPflrunienta, Ole., 
by u InnK Btring of qwtlluuAp whlcti be shies aL Haw hifl students naden^and 
him without keepliii^ Jilin um ptrJfftly to the «uhjm us I ventured to do Is a 
puautlu to ^^e; irtllJ there w-efe nuzubers af BtuJeala In the bib^yntlory bard at 
work, and apparently qiiEto tmderBtanaLui? wLat tiii-y were jslwut. Tbomsou's 
eiperlmeats, boweverp did for niy new baL He liad ibrown a heavy tnetal 
disk into very rapid rotation, nad It wns revolvla^ on a point. In order to wbow 
me bow rljjEd It became on roLutLou be hit St wllb ati Iron bammer, but tbe disk 
roseriled this, and It ol^ In one direction and the Jroa foot on which It was 
revokljii,' In anotberp curryina my hat away with it and rlpplnr; it up. 

But We are anticipating. Hitherto Thotnsoti"& work had beeu 

mnifily iu purts swimee; but toward the ond of die fifties, while still 
in the midst of tliei ui<k] vnaiutc studies, eTeote werc prognjssiing whicli 
drew him with irresistible force toward the practical Jipplicatiooa 
that made tiiiii faiiioiith Indeed, it could hardly be utlierwise, seeing 
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that he was in wlmfever Ue touched- Eurly in 1853 he had 

cnmmiiniciitec] to the Ghyjgow Philo^sophical Society a paper “ On 
transient eJectric currents,”^ in which he investigated mathematically 
the discharge of a Leyden jar through circidtis ixissea^Hing self-induc¬ 
tion as well as resistance. Paradaj and Eeiss had observed that in 
certain the gHses produced by the discharge of sparks through 
water couwiste^l of jriixetl oxygen and hydrogen, and lleltnholtz h.id 
conjectured tliat in such rases tJie spark was oscillatory, Thoiuwn 
determined to test mathematically what wos the motion of electricity 
at any instant after making contact in a circuit under given eondl- 
tioTis. He founded his solution on tlie equation of ericrg}% ingeniously 
building up the differential equation and then finding the integral. 
The result was very remarkable. He discovered that a critical rela¬ 
tion occurred if the capacity in the circuit was equal to four times the 
coefliclent of self-iuducthjji divided by the square of the resistance. If 
the capacity was leas thnn this the cHarharge was oscillatorTj passing 
through a series of alternate maxima and minima before dying out. 
If the capacity was greater than this the discharge was nonoscillatory, 
the charge dying out without reversing. This beatitif?d bit <if math- 
eniaticnl aniilysis, which passed almost unnoticed at the time, laid the 
foundation of the tbeorj" of electric oscillations subsequently studied 
by Oberbeck, l^cbillcr^ Ilert^T iind Loilgc* and forms the liasis of wice- 
less telegraphy. Fedderssen in 1850 succeetled in photographing 
these oscillatory sparks* and sent photographs to Thomson, ^vho with 
great delight gave an account of them to the Glasgow Philosophical 
Society. 

At the Edinburgh meeting of the British Association in 
Thomson read u paper ^ On mechanical anieecilcnts of motion, heat, 
and Starting with some now familiar, but then noveU gen¬ 

eralities about energy, potential and kinetic, and about the idea of 
stores of energy, the author touched on the source of the sun’s heat 
and the energy of the solar system, and then reverted to his favorite 
argument from Fourier, according to which, if traced backward* there 
must have been a beginning to which there ivns no antecedent This 
was a noniuathematicnl exposition of work which, as his notelxioks 
allow, had been going on from 1S50 in a very atiff mathematical form 
iti which Fourier's equations for the flow of heat in solids were ap¬ 
plied to a number of outlying problems involving kindred tnathe- 
matics, including the diffusion of fluids and the diffusion or trans¬ 
mission of el€?etrio signals throng long cables. The Proceedings of 
the Royal Society for 1S54 contain the inv^igation of cables under 
the title On the theory* of the electric telegraph.’’ Faraday had 
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predicted thiit there would bo retard a tioo of Eignsl^ u\ cnblras owrjii^ 
to the coating of gutta-percha acting like the gUi^s of a I^yden jur. 
ForjnJng the required difiereutial equation and applying Courier's 
integration of it^ Thomson dretv the conchisiou that the time required 
for the CTi front at the distant end to n^ncli a stateil fmet ion of it *4 
steady value would l)c proportjotml both to the resistanw and to the 
eapauityj and as tjoLh of th&ie are |mi[>ortiiDnal to the length of the 
ctthle^ the retardation would be pniprirticmal to the stinure of thk^ 
li‘iigth. ndw ia the famous law of squares abonl which so tiiueli 
dispute arose. This was follow^ed by a further researeh “^On peri¬ 
staltic induction uf electric curnmts,’’ communicated to the British 
Association in 1855, and aflorwarda in more complete mathenmtical 
fomi to the Itoyal ^k^c^et]|^ 

Submarine telegraphy wa$ “^in the ain” John and Jacob lirett 
had pioneered the project for a Dover'Calais cables and in 1851 
Cramptuu suctx^fnlly united England and Erance. In 1S53 Holy- 
head and Ilowth were wmnected by Mr. (later Sir) Charh'ft Bright^ 
And these were fplhjwrd by the Dover-fX^tend and longer cabliifs;. 
Atlantic telegraphy beciinie tlie dream of the telegraph engineer. 
Cyru.'^ IV. Fields in 1850, negotiated a cable across the fiiilf of SU 
I^w'rence^ thus coiinrcting Newfoundland to the American continent. 
The Atlantic Telegraph Company was fonuodj with capital mostly 
subscribed in Kogland^ to promote the great enterprbe to join Ire¬ 
land to Newfoundland. Field, Brett, Bright Siatham, and IViId- 
man WTiiteJiousc wore the chief prt>moterSw Bright was engineer^ 
Vhilt'house fa retired medical man) ciectriclam In a pamphlet 
issued by the company, in July^ 18ru, narrating the prelim if lary pro- 
cec^jings, the names of Joliu Pender, of Manchester, and Profetvsor 
Thonisont of The Odlcgts Glasgow/’ ure included in the list of 
directors; and the .statement k mnile that "the mentihe world is 
particularly iculehted to I^mf. \V. Thotiison^ of Glasgow, for the 
attention he had given to the theoretical invcstigution of the rondi- 
tions under which electrical currents move in long insidated wires, 
and Air. Wliitehouse has had the advantage of this gentleman^s 
presence at his e,\pcrimenLs, and counsel, upon several occasions, as 
Well as the gratifu'ation resulting from liis eonntenance and coopera¬ 
tion as one of the dLi-eetors of the company/' This is one side of the 
matter. The mher side is that Mr. Whitehonse had, at the British 
.Vssocnation meeting in 1S50, read a paper challenging tlic law of 
squares, and declaring that if it was true Atlantic telegraphy was 
hopele*.\ He profcsscNl to n^fiitc it by etperirneuta, the tme sig¬ 
nificance of which was disposed of by Tlioinson in two letters in The 
Athena-um. He pointed out that success lay primarily in adequate 
sectiou of conductor, and hinted at a remedy (deduced from 
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Foiirier''s cfquhtiiJtii-), which he Inter omlKxlicd in the curb ^ignsl 
tmO-^'niittert nnrrie!}% tbui the coefEcient of ihe simple liiirmonie term 
in the eNpix^on for the eleelricul potential siiall vanish. In Deeeni- 
Ijety tleseriix^d to the Royal Society his plan for Deceiving 

iiiessugi'!^^ nameljT ^ sort of HclmholtK tangent galTanoineter^ with 
copper dam]3er to the suspended needle* the deflections being observed 
by watching through a rt.'ading tcK^scope the image of n scale re- 
flei/tcd from the ]}u[is}icd side of the magnet or from a small mirror 
carried by it. As wo oil know^ he abandoned this Fubjcctive method 
for llic objective plan in which a spot of ligiit frtmi a lamp is 
ivUc^cietl by the mirror upon a acalc. There is a pretty story—which 
is lielieved to be true—that the idea of thus using ihc mirror aro^^ 
from noticing tlie reflection of light from the monotde which* l^ing 
fihort-sighted, he wore hung around his neck with a rihljoiu 

The story of tlic Atlantic cable* of the failure of 185T^ of the brief 
Hiicoess of 1858^ has so often been told that it need not be cmptiasisM^d 
here. Tliomfion, after the failure of the first attempt, was ailkd 
upon lo take a more active part, lie bud disco%^cretl to his surprise 
that the coiidiictivity of cop|)er was greatly utTciUed—to nn extent 
of 30 or 40 i^er cent—by its purity* So he organiaed a sj^stem of 
teiditig condticti^nty at the factory where the addhlunal Icngtlii^ were 
Iwing tiinde^ and was pnt in cliarge of the test room on l>oard the 
Affamertinon in ISoS* tVhitehoiisc was unable to join the cxpcditioiij 
and Thomson* at the n^^iuet^t of the directors, undertook the ptcit of 
electrician in charge^ without any recompense* though the tsix on his 
time and energies wai very gi'coh 

Sir Charles Bright has given us the following little silhouette of 
ThomiKjn: 

Ap far iLe profes^r ■ * la* was a tltoreupli aood comTadle, all 
round* mat ivould linve taken hla “turn nt llte wlwl" (of tlio fntjJin:-o\it 
brake I If bad broken down. He ivna also a ip.innl lairtuer at whSit w'ben 

vriwk waim't nn: Iboa^Ji MinuMlnieft, wbea nionierkt’trlly niitnorEe^l In ^ti^ban- 
ally of coelution, by aetf-ntlfle abatraeUna, Ihj would Irn^k up frota IUr carda 
anil aak. " played 

After various disheartening mishaps cress crowned their efforts. 
Throughout the voyage Thomson's mirror galvanometer had been 
used for the continuity tests and for signaling to shore^ with u bat¬ 
tery of 75 DanicII cctls. Tlio continuity was reported ijerfect^ and the 
justdation had improved on submersion. On August 5 the cable 
was handed over to Hr. li\lutehoiife and n'ported to be in perfect 
eonditioii. liMi it chouse at once abandoned the Thomson mirror in¬ 
struments and began working w ith bis ow n patented apparatus using 
heavy relaya and a sj>reial transmitter with indiiclion coils* He 
^sut ill no ixsport to the directors for a week, while he made ineffectual 
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lit tempts with bigger indnciinn coiLs ta get hi8 uppnrutiia to work* 
After more than ii week thr reflecting galvanoineter imd ortlinary 
Daniel] cells were resumed, and then elcnr merges were inters 
changed mid international cQngratuIatii>n& News of peni'fl with 
China and of the end of the [ndiau mutiny was transmitted; but the 
insulation was found to be giving way, and on October 2?0, after 1^2 
me^^ages hud been conveyed, the cable &poke no more. It had been 
destroyed by l\liitehousc^s bungling use of induction coifs, some 5 
feet long^ working at some 2^000 volts! 

Of the part played by Thomson in the nest eight years, in prepara¬ 
tion for tlie cables of I8f55 and there la not time tu speali. 

Suflice it to say that throughout the preparations* the preliminary 
trials the interrupted voyage of 1&&5, when 1,000 miles were lost, the 
successful voyage of 18(5tl, when the new cable w^as laid ami the lost 
one recovered from the ocean and complded, Thoms<m was the mling 
fipinl w'hose advice was eagerly snugiit and followetl. On his return 
he w as knighted for the part he played ^ well. He had in the iticiiiv- 
time made further improvements in conjunction with CromwoU 
Varky. Tii 1807 he patented the siphon recorder, and, in conjunc¬ 
tion willi Fleeming Jenkin, the ctirb transmitter. Ho was consulted 
on practically every submarine-cable project from that time forth. 

lliomsou'S actirities during tlie sixties were immenso. Bt^slde all 
this telegraphic w^ork he was incessant in I’esearch^ He bad under¬ 
taken serious investigations on the conductivity of copj^r. Ho 
was urging the application of improved systems of electric meas¬ 
urement and the adoption of rational units. \\Tien in 1B61 Sir 
Charles Bright and ilr. l^timer Clark proi>osed names for the prac¬ 
tical units biiscd on the oenliinetcr-grani-second absolute system, Sir 
William Thoui^wri gave a cordial support; and on his initiative was 
formed the funious committee of electrical siatidurds of the British 
Association, which year by year bus done so mneh to carry to perfec¬ 
tion the s^tandards and the methods of electrical measurement. lie 
was largely responrihle for the international adoption of the system 
of units by his advocacy of them at the Paris congress in l&Sl and in 
siihfscqiicnt congresFses* He was an uneonipromising advocate of the 
metric system, and lost no opportunity of denouncing tlie “absurd, 
ridiculous, tinie-wasting, brain-destroying British system of weights 
and measnregL^’' His lecture in 1BS8 at the Civil Kngineers may be 
taken m a gumman^ of his views, and it gives ti gtiinpse of his mental 
agility. So early as 18nl he hud begun to use the absolute system^ 
stimulated thereto by the earlier work of Gauss and Weber. The 
fact that terrestrial gravity varies at different regions of the earth's 
surface by as muidi as half of I per cent compelU hJ the use of ubsolutc 
methods where any gniater iieouracy than this Is required, “ For 
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tiijftelf," ho Ewn^is the shorten and siiire^-t way To ri^ach 

tlii^ philfKfophy of riieji^jureiisoiil^—Jin nnduTstandiiig'of what we mean 
by meaiiuren'ientT and whidi im e&^nlial To the inielligeni practice of 
Hie mere art of tiieo^iritj|/—is to cuL oTf all eoiitie<!tioti with the niirlh/' 
And 13O be imug^ined a traveler with no watdi or tuning fork or luea^t- 
uring rod wandering through the universt? trying to riMJover bis cretiti- 
ijieter of length and bi^ wcond of tirne titid rerotislnieling thereupon 
hh units anti standanh from the wave Jeugih of the yellow liglil of 
Bodhim and the value of t* the velocity of tiglit from experiments on 
the nscillations in the discharge of a Levden jar! Some of ns in this 
very rtsoiu remember how we Ibiened umaici:! to this charuetcristk 
and Ix^wildeting cxcin^sus. 

Among the acili vilies of thrsi? fruitful years was n long rtrscciirrh on 
dir electrodynamic qualities of metals—tliermodoctric, thermodastiet 
and thennomagnetie. dliesc fomied the subject of his Baker!an lec¬ 
ture of 1850, whieh ocenpies no fewer than llS pages of the rupriiiied 
IWathemfltical ant! Physical Papers, lie worked hard also at ihe 
mathematical tlieory of magnetism. Famday^s work on diajuagiiei- 
ism had appeared while Thomson was a student at Cambridge. It 
estabibh^ul the fact that magnetic forces were not men? actions at a 
disiancr Ijetweon sup|Ki^d poles^ but aettons dependent on the sur¬ 
rounding medium; and IliomEon mi hinisetf to invest igate the matter 
tnnlhejnaiically* Faraday and Fourier had been the heroes of Tiiom- 
son's youthful enthusiasm: ami wliih? the older mnthrmatipiansshwk 
their heads at I'acadav's hereticnl riotion of ciii^vetl lines: of fortre, 
Thoiu:son had, in 1B49 and 1850, developed a new tlieorj' with all the 
elegance of a mathrmaticnl disciple of Poisson and l^iplace, di^^uss- 
ing solenoklal and lamellar distributions by aid of the hydrodyfiamic 
ecpuiUon of contimiity. To lliomson we owe the terms jiermeabil- 
ity '■ and susceptibility^^ so familiar in the consideration of the inag- 
netic properties of iron and steeL He continued to add to and revise 
this work through the sixties and seventies. 

In !85n-G0 Thomson was studying atmospheric electricity, writing 
on it in Xichors Cyclopedia and lecturing on it al the Royal Destitu¬ 
tion. For this study ho invented the watcr^dropping collector, and 
vastly improved the electrometer, which (levetoped into the elaborate 
forms the quadrant instrument and other tj^pes described in the 
B. A, report of 1857. During thk tvork he discovered the fact that 
the sudden charge or discharge of a condenser ia accompanied by a 
fiound. llo als^ measured electrci^?taticully tlie electromotive forw of 
a Duniell cell and invi^stigated the potentials recpiircd to give sparks 
of different lengths in the air. 

Tn Hie winter of ISWMJI Thomsiui met with a .severe accident. He 
fdl on die ice when engaged at I^irgs in the pastime of curling and 
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bnike llie neck of hU thigh- I'or ^cvenil niontlis ho ho-d to lie on 
hnck; nnd it wns nt tliis tioie that lie udoptocl the famoii^i green inote- 
book^t ’which ever afterwank were iht coriipanioti5 of his days. 'Fhe 
dceidem left him with a slight limp for the rest of lib life. 

All ad mi ra hie picture of lAird Kelvin as lie was in the sixties, moving 
among hifi studentsi anrl incessant in hb researches, has hcHUn given 
in 'Fhe Times of Joniiury 8,1908+ bj Professor Ayrton-, who was then 
working at (iksgow. In these venrs Thomson was abo writing on 
the seciilnr cooling uf the eiirth and irivci^tigating the change^ of form 
during rotation of clastic spherical shells. And if thb wci'c not 
enough to hiiv'c had in hand, ho cinbLirkcd with Ids friend* Prtiftssor 
Tait, on tlie preparation of n text-lKHrk of natural philosophy^ There 
wiija at thnt date no sutbfactorj^ work to put into the hands of stu¬ 
dents, and he mii^st supply the nml. At fir^t u short pamphiel of 
propositions on t^taiics and dynaniics, culled by Prof* John herguf^ui 
from mere Id-^tnra notes, was printed for the use of stndents* Thom¬ 
son had told Helmholtz of his purt^c>^it^ and hi IW2 rielfiiholtz w'rolo 
him; 

Votir initlertnlLln^ to write a leit-book of ualunil fililloeopb^ la verr oraisG- 
wortiiVf liut will fiireetliHRSj te^iloua Al ibc imnie time I bope It wlU HU|f- 
Rest Idea ft to j^oii for nuicli vnltuible wark. It li in writing a book like that 
tluit one dupreeintt^i tbe if HI] ieft In aclenca 

The fjrrit volume of Thomson and Tait's Treali&c on Natural Phb 
losophy was publbbe<l in 189Tj the second only in 18T4j when it ap¬ 
peared that Ilelnihokii's hopes were jnst. For in iipproarhing the 
subject of elasticity the gaps still left were fruind to be such that 
whole litw' muQiemiilical i^fsearches were neces-sary before VoluntO 1 
could be finished. Thontson^s contributions to the theory of elastic¬ 
ity Die no less im[x>rtAnt than those he made to other branches of 
physics^ In iB&t he cnmmmiicatef] to the Tloyal Society of Edin¬ 
burgh his famous paper vortex atomsu'^ Ilelnilioltz had ptib- 
Ibhed a malhomatical paper on the hydrodi^nainic equations of vor¬ 
tex molirm, proving that idof^ed vortices could not be produced in a 
liquid per feel ly devoid of inlenial friction* Thomson seized on this 
idea* Tf no such vortex could be artificially produced, then if such 
existed it could not be destroyed* But iielug Lu motion and having 
the inertia of rotaiioii, it would have elastic and other properties. He 
i^howed that vortex rings (like smoke rings in airl in u perfect me- 
dinm Ai*e stiible* and that in many respects they pofsscss the qualities 
esttcntisl to the properties of material atoni^i—^permanencc!, elasticity, 
and jiow^cr to act on one another through tho medium ai a dbtance* 
The different kimb of atomic known to the chejiiist n» elements were 
ici !m? reganled as vortices of ^liflferent degreea of complexity. Tliougb 
he seemed lit the end of his life to doubt whether the vortex-atom 
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hypothesis who adequate to explain all the pmpertios of mutter, the 
eoncoption remainii to all time a witness to bb cxtraordinpry powers 
of mind^ 

In 1S70 Lady Thomson, whose health hnd been fuilio^r for* several 
yearst diet! In the s&.fm year the LTniversity of (.ilas^ow was re- 
inciml fnsni the site it had occupied for over foim ecnturies to the 
new and splendid building on Gilmore HilU orerlookinji: the Kelvin 
River^ Sir Tliinnson had a hoitse here in the terrace un¬ 

signed for the residences of the pmfeiisoK:^ adjoining' his hitKimtory 
and iectiire n>om« From his youth he liad been fond of the scu^ and 
had eju'ly owned boats of his own on the Clyde. For many years his 
sailing yachts the Lal/a Rookh^ was conspicuous, and he wns an iie- 
coniplislieU navigator- Ilia experiences in cable laying had tiiugUt 
him much, and in return he wna now to teach science in navigation. 
First he reformed the mariner's compass, lighteuitig tlic moving parts 
to avoid protnictcd oscillations and to facilitate the correction of the 
quadrantal anti other errors arising from the mngtietisrii of tlie ships 
hidh At first tlie Admiralty would have none of it. But the com¬ 
pass is now ail but uiiiver^lly adopted both in the navj' and in the 
mercantile luarine. 

DUsatisfied with the ehiinsy appliances need in sounding, wheit 
the ship had to lje stop^HKl before the somuling line could be let down, 
he devised the now' well-known apparatus for taking flying sound- 
- ings by using n line of steel piano wire. He had great faith in navi¬ 
gating by use of sounding Ihie^ and once told me-^propos of a recent 
wreck near the Lhm^df wbich he declared would bavelx^n impo^ible 
had SJiundings been regularly taken—how in a time of a continuous 
fog 111 * brought his yadit all the way rtcross the Bay of Elsciiy into 
the Solent, trusting to soundings only- He al^o ptiblished a set of 
tables for facilitating the use of Sumner's method at sea. He wa^ 
vastly interested in the question of the tides, not merely as ci sailor^ 
but heciiuse of the interest attending Llieir inatliematical treatment 
in connection wdtli the problems of the rotation of spheroids, the 
liamioriic analysis of their complicated periods by Fouriers methods^ 
imd their relation to hydrodynamic problems generally^ He invented 
the tide-predicting niadiine, which will predict for ntiy given port 
the rise and fall of the tidc^ which it give^ in tba form of a con¬ 
tinuous curve recorded on paper^ the entire curvi?s for a whole year 
l>eing inscribed by tlie machine automatically in ahopt four hours. 
Further than this^ adopting n beautiful mechanical int^rator, the 
device of his ingenious brotJier^ Prof. James Thomson, he invented u 
harmonic aiudvKer—the first of its kind—capable not only of solving 
dilTerential equations of any order, hut of analyzing any given 
periodic curve and exhibiting the vaJues of the coeflicientti of the 
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variou*; letnis of tlie Fourier seriiss. Ware ptoblems always lincl a 
fasciiiattoti for Him, imd the work of the mathematicinua Poisson iind 
Caiiehy on the propagation of wave motion were familiar studies. 
In his"lectures he used to say, ‘‘The great struggle of and 

then paused, while his stiulrnLs, thinking of Waterloo. Iwgan to 
applaud—“ wns not that foiigiit out on tlie plains of IVlgiuni, hiU 
who was to rule the waves, Caurhj^ or Poisson.’’ Tn lf>7l Tlelmholt^. 
went with Sir Willinm Thoniison on the yacht to Ihe 

races nt lnveraiy> and on some longer eseoisions to the llclji-ides. 
Together they studied the theory of waves. “ which he loved.” s^tys 
HchnholtZt '"to treat as a nice between ns.” Ketiiming, they visited 
tnauv' friendfi. “ It was oil very friendly,” wrote Helmholtz, and 
iincftRstraiiietl. Thomson pirsiimed so much on his intimacy with 
them that he always carried his mnlheiuaticAl notebook utKuit with 
him. and would Iwgin to culculale in the midst of the compuDy if 
anything occiimd to him, which was treated with a certain owe by 
the party.” Tie possessed, imlcpd. the faculty of detuchment. and 
w'oiild wttle quietly down witli his green book, almost unconscious of 
things going on around him. On caltn days he and flelnihultz ex¬ 
perimented on the rate at which the smallest ripples on the surface of 
tlie water were propagnted. Almost the hurt, publications nf Ixird 
Kelvin were n -seripe of papers nn ** l>eep-Sea Ship Waves,’ enm- 
muniiated between lOW and innT to the Royal Society of Ivdlnhurgh. 

In l&r4, on June 17, Sir William Thoni.=em married Miss Frances 
Anna Hlandy, of Madeira, whom he had met on cable-laying espcdl- 
tions. Lftdy Kelvin, who survives him, iMwanie the center of his 
home in Glasgow and the inst^parablecompanion of all his later trav¬ 
els. lie built at Xetlierhall, near Largs, a U'autiful mansion in tho 
Scottish harouiat stylo; and though he latterly had a lx>ndon house 
in Faton Place. Netherhiill was the home to which he retired when 
he withdrew from active work in the University of Glasgow. 

Tliroughoiit ibu seventies and eighties Sir William 'rhomson’s 
scietilific activities were couttriucil w'jth untiring zeal. In 1S74 he 
was elected president of the Soeicty of Telegraph Engineers, of 
which, in 1871, he had i^'cn a foundation memljcsr and vice-pn^ident. 
Ill iSTli he visited .\meriea, hriuging back with him u pair nf Graham 
BoU’a earliest ext>erimental lekplioiies. He was president of the 
Muthcnintical and Physical Section of the British Assocnation of that 
year at Glasgoiv. 

Among the matters that can not bo omitted in any notice of his hfe 
wtts jAird Kelvin’s controversy with the geologists. He had from 
three iudeiicndcnt lines of argument infcmul that the agir of the 
curlli could nut be inlimtc, and that the time demanded by the geolo¬ 
gists and biologists for the developmcut of life must be dnite. He 
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himssplf Ci^tijiiEitcd U nt (iboul h hiitidmJ Tnillion of years at the mosL 
Tn vain did thi? naiiiralLstis headed by protesL He stuck m 

hLs prnpoilitions with tenacity but unwavering coiirtiKy. 

tieiitlri' knight never broke Inure IEuxley*a dietimi of hi.s op¬ 
ponent, position wiih never really gbaken, Ihotigh the Inter 

resmirehea of Pern^ and the discovery by Htnitt, of the degree to 
which the const it tient rocks of the earth contain i^adioactive [natter. 
Uie disgregation of which generates internal heat, may so far modify 
the estimate as to increase soniewhat the bgure vvlueh be assigtied. 

The isjuipietion of the sectmd edition of VoL I of the Thoiuson and 
Tait Treat ij^j—no more waa ever piiblishcKl—and the col lection of his 
own sen tiered m^nrebes, was a work extending over some years. In 
addition he wrote for the Eneyclopiedift Britannica^ of 1S79^ the long 
and irnfKirtam artiejes on Elasticity " anti ^ Heat,*^ 

In 1871 Ije wiis pi'csident of the British Afisociation ot its meeting 
in Edinburgh. In his Presidential Address, which ranged Inmb 
noiisly ot'er Uie many branches of science within the of the 

nssociatjon, he pn>[HHindt^l tiie suggestion that the of life 

might have been brought to the earth by some meteorite. 

^^■ith tile ail vent of electric ligliting at tlie end of the seveuties 
Thomson's attention was natuniJIy attracted to this branch of die 
prnctitii! applicatinu.H of ss!ience. lie never had any prt'Judice against 
the utilization of seteiict' for practical ends. He wrote: 

Th-nre c-an not he n irtvster mlFtnlse tUaa thnl of loeaitii; inufi^trllloiiolv a pan 
HlPliIleatlaas of selencr. The life unit sail I nf ifiL-lEn:iiee itjt pra ct lcji l 
npjiltco t Eoti ; and Jiifll I lie ^urOFit adra[iC4>ii Lii matl^xaiiiiEcR liai'e been [iiailu 
Ibma^a the ilrslre ef iMiS'ovpptnjJi: ihc BotnUon of |nrijt>li.^iH were of a 

hl]<blv pnictEfal kind In nuitlicinatlmt setence. ^ In ph^j^lcal science niiiri>" of 
tlir }:feati?:t Advriacca Hint hnve been mnile from tlic Ipcaianln^ of tiie worJil to 
the pree^cut (iitio linve been nicnlc La tlie enrucst desire to turn ttk* knoiiicdpw of 
tbo profx^rf of onittcr to sonio parpoBC uscfal to manklniL 

And sii he scewned not to devise instrumciits and npplintices fur 
commercial use. Ili^ electrometers, liis gLlTanoincters, his siphon 
recordei's, and his compasses had been made by daiiic^ AVbite, optician^ 
of Crljisgow^ In this firm he became a partner, taking the ket^nest 
edmniercial interest in its operations, and fixxiueTiting the factory to 
superhiteml the construction of apparatus^ New nieasiiritig inslni- 
inents w art* requirtid, lie set himself to devif® them, designing potrli- 
till I giilvutmtiietei^;. ampen* gaugths. and li whole series of standard 
electric balances hit elcctrit^I engineers* 

Idivil Kelviirs patented inventions were very numerous. AVithout 
counting in those since 1000. taken mostly in the nanm of Kelvin and 
James AATiite, tlicy number M. Of these II relate to telegraphy^ 11 
relate to eonipa^^^ and navigation apparatus, fn relate to dynamo 
machines or eliictrlc liiiups^ 25 to electric ineasiiring mstrumeiits, L 
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to tlio t4f?ctrolytio prixluction of atk^li^ aod 2 to valves for fluids. 
He WHS an iiiile[pendent inventor of the zigzag method of winding 
aUerntilot^T wliidi the public knew under the name of Ferninti^s 
machine, wtiicli was uiaunfactnred under royalties payable to him. 
He WHS iiitej^ted even in devising such details us fuses and the sus- 
pea-^ion pulleys with different ini gearing by which incandescent lamps 
can l)e rnhed or lowered. 

He gave evidence Ijieforo a parliamentary committee on eJectric 
lighting and dbfcus±^l the theory" of the electric trsinemission of 
power, Jointing out the ads^antage of high vpltagcs. The introduc¬ 
tion into England in 1681 of the Faiire accuniulaior ei^eited liLni 
greatly* In liis 1’residential Address to tlie ^lathenmlicat and Physi¬ 
cal Section of the British Association at York that year he of 

this and of the iio^dbiUty of tililiziiig the powers of Xiagura. Hi* 
also read two papers, in one of which he showed mathematically that 
in ft shunt dynamo best economy of working wati atloiiied when the 
resistance of the outer circuit w^ns a geometric menn between the ri^- 
sistanecsof the iirmatnre and of the i^hiint. In the other ho laid down 
the fiimou*! law of ewnomy of copper lincfi for the transinissioti of 
power. 

llelfriholti^, visiting him again in I&B4, found him absorbwl in 
regulators and measuring apparatus for electric lighting and electric 
raihvaysL ^ On the whole,-’ llelmhoU^ wroUs E have an impref^ioii 
that i^ir WiHijim might <lo Ijcttcr lliaii uppJy his eminent sagacity-to 
industrial undertakings; bis instruiiieuts appear to me too subtle to 
be pul into the hands of unin55trueted workmeu and okiciaU, • » • 

He is Simultaneously revolving det^p theoretical projects in his ndnd, 
but has no leisure to work them out quietly. Ait far m that goes^ I 
am not much t^etter off*'' But he shortly adrleih ** I did Tliomsoii an 
iujnstiee in supposing him to be wholly imiuersed in ttK:hiiiciil work; 
he was full of speculations as to the nriginni properties of IhkIIc.^, 
ftiane of which were very difficult to follow; and, you know, he will 
not Mtgp for meals or any oilier c«msideratiou/' And* indeed, Thom- 
son lijid weighty things in hh miiuL He was revolving over the 
speculations which later in the same year he was to pour out in such 
marvelous abundance in his famous 20 lectured in Baltimore ^Mlii 
tnoleeukr dynamics and the wave theory of light.^ These* leetiucs, 
delivered to 26 hearers, mostly accompIiHhed teachers and prof^ejors, 
were reported verbatim at the time and reprinted by him with tnaiiv 
revjsioiLs and additions in imi. Of this extraordinary work, done at 
the agi! of no, it is difficult to speak. Day after day hr led the 28 

Cfjt'fReients’’ who sal at his feet tlirough the mazes of wlid-elastic 
theory mid the spruig-slidl niolceule* newdy invented in order to give 
a conception how the iiioUtuIcs of matter are related to the ether 
through which lijrht waves are j^ropapited. All bis life be had been 
enUeavotmg tu di^siver a nitional iiiechanitfiil explanation for the 
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most rijcoiidite pliGiionii^iia—tliG mysteries of mugrtoU^^t the marvels 
of electricity^ the difficulties of crystalk>gTftpb\v the t:oritradictoty 
properties of etherj the unoiualies of opiums. ’VVliile Thojiison had 
Uh^u st-ukin^ to explain electricity and magnetism and light dymimic- 
uHj% ur as mechanical properties^ if iicjt of matter, at least of mole- 
cij1e?s. Maxwell (the niost eminent of Ids many disciples) had iKildly 
pro|Xkuuded the electromagnetic theory of light and had all 

the yoiingiT men after him in acceplancct of the gimeniliaLution that 
the waves of light wei-e efisentiHlIv electromagnetic displacements in 
tJie eiJier, Thomson had never acci^pteti Slaxwelks theory. It is true 
that in t&SS he gave n tiununal adhesion, and in the prefat.'e which, 
in 18DS5, he wrote to Hertis^s Electric Waves, he hinn^lf uses the 
phrase ^ the electromagnetic theory of liglit, or the nndidatory theory 
of magnetic disturbance.^^ lint later he witlidi"ew his adhesion, prt'- 
ferring to think of things in his ow n way, Thomson's Baltimore lec¬ 
tures, ahotniiiing. as they do. in hrillianl and ingcnknis ^winls^ and 
ranging fi\mi tlie most recondite problems of optics to sficeulatioiLS 
on crystal rigidiLyjthe tactics of molecules and the size of atom^^ leave 
one with the t^nsc of lacing n scjrt of protest of a niEm pernraaded 
against his own instincts and struggling to find new expression of Lis 
thoughts so as to retain hb old wjtj^ of regarding she ultimate 
dynamics of physical nature. 

One chameteristicr of all I^ord KeKHns teaching was his pLsniliur 
fondness for illustrating recondite notions by models. Possibly he 
derived tlds habit from Faraday; but he pushed its use far bcyotid 
anything prior. He built up chains of spinning gyro^ftats to kIiow 
liow the rigidity derived froni the inertia of rotatiun might illitstmte 
the pro|H-rty of elasticity. The Tortcx-atojii pre^cnttHl a {lytmmical 
pictuii^ of fin ideal material system, lie strung together little balls 
and bi'ads witli atiefca find elastic hands to demonstrate cryhialline 
dynamics. On the use of the model to illnstTHtc physical prineiples 
he sj>oke as follow's at llaltimorc: 

My object Lrt to slicw how to make a luecbntdeiil aifKlel wJjkli Bltnlt f«mi 3 tlie 
coinntiona rt'tlidrcil In tbe |ih>sical pliEmoaieefi ttatl we are censlderlaf; wlint- 
evor they aiay tK>. At the tlmv wLkU ivo the r^^i^njineiin of 

elaatielty In mlkla 1 shnll want a nawli'l uf that, M sinolher llfutv when we 
Imro vlbmtiopn of lliiht ro conpklcrp I v-hnU woof tc ahw a model of the actlDu 
exiilhiteel In that nti<*’^ouif>non. iVe want to imJerfEtand the whole alw>tit It; we 
only iiniienrtanU n tt i^mH to me thiit th? lest of " wo or ilo wo oot 

nnitcrstiinil a tvtFtlcular fliihjoct In phyfllcpi?^ la "^Cmi wt> mate a 011*01111 tiTcnl 
model ItV' 1 hui e a a Itamenae admlreLtloEi fwr Miiiweirw iDeijhalikuU nuHlel 
of eloctromiumctk Induct ioti. 

And again Lonl Kelvin my^: 

I never Katlf^fy tiiyficlf niiill 1 can make a nieclmtilcsiil iwralel of a thlo^ If 1 
ean auiku a tneehualcal niudeU 1 can unJotfitniiiiI It* As loos; an I ciia iitHE make 
a mechfitilcfll mixlel uU the way through I nut aoi uudci^tain] It. 
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This use of nirhlek ims tifi'onte cJinnictenstic of the tone nrid temper 
of Brit kb physiekts. Where Poiswn or Lfiplaee su^v [i miitheiuiiTiL':i| 
formultif KelviD, with true phy^titrul iiniLginntioii, discernwl n reulity 
which could !»■ ]v>iiiTii|y simulated jij the otmcieto. And throughout 
oil hk imitliemiitics Jiie grip of the phy-Hlcjil reality uover left him. 
According to the s^timdard that Kelcin haft Ijefoie him, it is not siilfi- 
cient to apply [Hire analysis to obtain a sulittion that can be com¬ 
puted. Every wjUfitjon, “even' line of the utat hemal teal procv.ss 
niTihil have a phy.ricat iiieanlng, every dep in the protfeHs must he asso¬ 
ciated with some iiUtiition; the whole argument tiiusl be capable of 
Iwing condiu-teil in concivte physical temoi.’’■ [n other u ords, Loi tl 
Kelvin. Ifcing a highly un'otnpikhed matheinatlcluii, used hi.s mnthe- 
iiiatical ctinipmeiit with supreme ability as a tool: lie rcmniiiod its 
master and did not Ijccoiiic its slave. 

Ojicc Ijord Kelvin astonished tlie audience at the Royul Institu¬ 
tion by 11 discourse on " lso[XTijinet!-ical [irublems/' endeavoring to 
give a popular accounl of thv malhcmatica] process ipf detcnuiniiig 
u tiiJLxiiiiimi or niiimmim, which he illiihdmtetl by Dido's task of 
cutting all oxhide into strips so as to inclose the hirgi'st pictsf of 
ground: hy Unnitius Cocles'n priste of the largest [ihil that ti tuiim 
of oxen could plow in a day: and by the problem of riilining the 
shortest railway line lietwecti two given points over an uneven coun¬ 
try. On another oreneion ho entertained the Royal ^Societv with a 
dihwonrse on the “ Ifomogenenus partitioning of space,’" in ivhich tlm 
fundamental j lacking of at aims was geometrically tnfated, atfording 
incidentally the theory of the designing of w iill-paptT pal terns. 

Tu the last LoCil Kelvin took nil intense iiitcri'sl in the most re¬ 
cent discoveries. Electrons—or “ iil«t rions,” us he called them— 
were continually under discussion. He prided himself that he hail 
leail Kiithcrford s hook on Riidio-activity again and again. He ob¬ 
jected. however, in into to the notion that the atom was capnhk' of 
division and disintegration. In ItlOSi, in a paper called ‘-Acpiimu 
atomized,^ ho reconsidered the views of Aepiruis and Eather Hosco- 
vich f 1-0111 the newest standpoint, modifying Aopimiss theory to 
suit thf notion c>f 

After taking part in the British Association meeting of 1007 at 
Leiccater, where he entered with surprising activity into the dis- 
wissmiis of radio-activity and kindred questions, lie went to Aix les 
Baina for change. He hud barely reached home at Urgs in Sep- 
tenil^r vvhcu Lady Kelvin was struck down with a paralytic seizure, 
f . iiiLsery at her ho|»less condition was inteiik Ih- had 

hntisclf snfFered for fifteen years from recurieiiL attacks of facial 
neutaigin, and in lHUti iinderwenl a severe operation. Fiider these 
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iiiHictlon^ lie hart \'isibly ngcrL nnd the illness of Ldirty Kelvin found 
him little able phyi^iimlly to ^u^tnin tlie Angiiyi of the i4troke. He 
wan tiered distractedly about the eorridors of his houii^e, luiuhle at 
last Up eoncenti.au* hi.^ ndinl on the wtirk at hand. A ehill hinu 

nnd lifter aiwut a fortnight of jmjfttraticm !ici>ank -slowly sind qntekly 

He was buried in Westminster Abbey, with nntionnl honors, on 
December LtsuT- 

The sympfitliies of all of xm go out to the gincions lady who snr- 
Hves Iiiju and wlio wiUi such nssidiioiis devotion tended him in his 
declining yeai^* 

Honoi^ fell thid^ly on IvOrtl Kelvin in bis later life. Tie was 
President of the E{i>ynl Society fi'om 181K) to iSiH- He hurt lieeil 
made ii Fellow of the Royal Soci^ity in 1851 and iti IS^ hurt been 
iiwurded the Copley mertab He was raised lo the j>eerage iji 
He Wii-s one of the original nienibers of the Drder of ifcrilT founded 
in WD9 II givind oflicer of the Legion of Honor; atnl held the 

Priissiaii order Pour le Merited in in(>2 wan named u privy councilor. 
In lOOl he was elected ehancellipr of the university, in which he Inn I 
Jilled the chair of iiiiturul philosophy for fifty-three years. He had 
csilebnited his jiihik*« wiih unusual marks of world-wiile esteem in 
and fintilly nuiml in He was a ntomlier of every foreign 

ucadiiiuyy and held honorary degn»es fiwi iiljuast every univemty. 
In 191)11 we cloctctl him an honoitiry member of oiir ia-^litiition. 

In politics he was. up to 1985^ a broad Lil>eral^ tint, as wus mituml 
ill un lllsternian, be<‘aiue an ardent Unionist on the intrcKhictioii of 
the home-rule bill. He once told me that be pi'eferted Chntuljer- 
luiii^s plan of home rule with four Irish parliaments—one in each 
province. 

In religion Tjord Kelvin was an Anglican—at least from hk Cam¬ 
bridge dny.s^ but when at I^rgs attended I he Presbyteriuii Free 
Cl lurch. Hk simple^ iinobtnisive^ but essential piety of soul was 
unclouded^ He hart a deep clctestation of ritualism and sac'enlotuh 
km, which he hnlert heart and ^itl in all its forms; and he denounced 
spiritualism as ii loathsome and vik superstition. His profound 
studies had led him iigain aud again to contemplate it beginning to 
the order of things, and lie more than once publicly |>rafi.'s:^eil a pro- 
fouzul and entirely iiiiufTectod Iwlief itt Creative r>esign. 

Kin<lly hearted, lovable, modest to a degree almost unbelievable^ 
he carried tbruugli life the nuM intense love of triiiJi uml an ini^a- 
tiuble tlesire for ilie advancement of natural knowledge.. Accurate 
and minute measurement was for him ns honurable a mode of advanc¬ 
ing knowledge as the most brllliaut iir m^iidlie sp<Tulation. At 
both ends of the scale his preeminence in the quest for truth was un- 
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ehalteneed. If lie could himself nt the eud of his long career desicribe 
his own elfortiJ as failure,^^ it wflii because of the iaimeiisely high 
idesl * which he set before him. ^ I know ” he ^itl ou the day of 
his jubilee, **no more of electric and inngnetic force, or of the rela¬ 
tion betw^een ether, electricity, and [ponderable matter, or of cheniicfll 
utfinity, than I knew and tried to teach to my students in my first 
session^Yet which of us has not learned niiicli of these things 
bccauBC of tuB workt We of *his In^tulion of Electrical Eiigineors 
luay well be proud of him—proud that he was one of our first ruem- 
bere> that he was thrice our president, and that us our president ha 
died. Wc shall not look upon his like ugEtn. 

• He GoncelreiJ tbo poialbUlCr of formolatbiK n comprelienalTe mfllocalar 
tbeoiy. dcUoito anit cDimpletP, “ tu wUleb all adeace will be ftiirtaented 

with evwry pro^icrtjr of nintter ahowo In Uynanikiil relatloa to the w^holc/' 
Pn-AtUoutlal AiMrcaw to the lii-lilHli Amclatloik iSTl. rejpflaled In Popular 
LectulS?4 and Addresec-a, VoL Ih P^ 
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TFTR WORK OF HENTtI BECQUEREL.* 

OViib 1 ]>1nl4^o 


By Bun:A. 


r,\ni«iHti.Tios. 

m 

It U no mini] nor tiLsk to Ilio lift of Henri Ik^uerel 

unveiling hi^ inner life and fc^htiwing how in a life rniisL>erated to 
dflilj labor, nionient by moiiient^ be uceiminluted the gitat mmss of 
^ientifie material wliidij in hh tliirtieth year^ opened lo him the doors 
of the Aead^^mit de^ l^ienees, and hnw linallvt ihrough the logical 
devolopmeut of liis tniui of thonght^ he roiiched tlie liiticoveiT which 
lias iimnortalized his name. 

It wm im instnirtive spectacle to see Becquerel in hh bdwmtory 
nrrangiiLg hi^ apparatus with consanuiiate skills often eonstmoting it 
from odd pieces of cord or of copper wire, which seemed olive under 
his fingers, and with which he made the dkooveries which fonn his 
memoirs. Foreign ecJeiitiid!? who came in throng to each new^ 
eA^perinient could scarwly believe a bdwratory so biirroii could yield 
so abundant a harvests I'hey were astonished and chalined at their 
reception, so simple and eonlinb where they awaited the fonunl dig¬ 
nity of a man so emiiietiii The laboratory seemed hLs normal |>hice. 
Experimental rescarein in the accomplislnnent of which he braved 
every difficulty, seemed to be In him a verlinble physiological func¬ 
tion. 

Becqiierel made physics? from nil that fell under his handsL Ho 
w'as raised for phy?n^ and by a physicist* The most precious memo¬ 
ries, and with which lie often entertnined his friends, were of his 
father and grand father^ whose discourse and example lind lielpcd to 
shape his mind* In his yoiilli the great rewanl for his vacation days 
wjts to enter the laboratory of his father and seo the old or now 
experimeiiLs* to in^rfortu those within hw ubi]it>% fa.duoning the ap¬ 
paratus with his own hatidK* One of his most vivid recollections was 
seeing his father come in one noon fTOiri his hiboralory to announce 

^Truni^latn], by [^^natH^iloa, fraai Kovdi- RC-afrale Srleni'eM i^t 

appliaoeciL Ftirla, lOtb yeoTp No. 20, Oetolw 190^ 
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to hia gnuidfulhei: lUe iuvci^tiou of lliv i^Liot^photo^wpt!* Utsi^u^ing 
ii and it^ whkU ih^ follow ing day more than viTJfieit 

B<»x|uerel m-omiteil tlie.se eircami^tanc&i wJih no boafill spirit 
but ratlier to nltribute to liLs up-bHngiu^ tnueh of his success- He 
had the Joy of his son eiUtr with distinction iht^ saiiie career 

rind to be able to truiisitiit whai hnd licen hh tiwo heritage. AU 
Llioiigh [rained In sciencOt hm artistic tastes wem rmt iindev^elo|xah 
111 paiutiiig he ^ras an otilighteucd connoisseur^ owing this trail to 
Ills ancester, (Tirodet, of whom he possessini some master pieces, among 
others xidininiiile drawings, which be Jiked to ;diow to his friends 
and whose beauty he appi-eciated. 

llis momis whereof the highest^ and he liad « horror of all duplicity 
and deceit. He had for all qn^tioiLs the broadest and most enlight¬ 
ened tolerance. That spirit whose every elf on strove for the attain- 
munl of scientific truth knew' how' to avoid the iiire of insiifliricut 
evideiicc. While holding u clear-cut fiersonnl opinion, he wiis nlwtiys 
tolerant of aiiy opinion of others having for it-s piirpcKjc l!ie eleva¬ 
tion of morn Is. 

This expkizL^ how he entercnl the Ecolc Polyloelioique at lib iii 
1673; liow' from there he entered tlie Ponts-et-chnuswTj and inddislieil 
his firhit w'ork at 22 years of age. in the year following hin gradilntion 
from the iScole Polytcchniqiie. From then until his death \w never 
ceased to pnbli.di works more and more remarkohle- Tile l^cole 
PoIytcchniquG made him a lecturer in physics while he wuh yet only 
an engineering student in order to give him the place m professor 
ii|xni the retirement of Potieri, and the museum judged him worthy 
of holding the chair already made illustrious by his father and 
grandfather a ml hehl Iwfore them by Giiy-Lussuc* Merited liomvi-s 
ha%'e never ceased to be his recompense; he was a tuember of the 
more renoAviscd foreign scientific hodies, the lioyal Hoeiety of Lon- 
doiij the Academy of Pcrliot the Academie Koyalc dei Ijincci, the 
Natiutial Academy of Wa-4^hiiigton. He recei™l the medals and 
prizes held in the highest e^eem—the liuinforf] prisse of Tendon, in 
[be Hclmholiz timlal of Berlin, in llKVl; the Nobei prize, in 
li303; the Barnard medal of the United States, in The Aca- 

deiiiie des Sciences made him its president in 1006, and at ihc }^amD 
liiiie the SoriiHe rraiu;aise do Physique Uvstfoved u|>on Inm the widely 
coveted title of honorary member,^ and at the death of Tjapparent 
he was almost ananhiiously named its permanent siH'n^tary, He was 
Imt and seemcfl flestiiied to long bold this worthy honor when 
lieath cruelly snatchet] him awiij^- but a few weeks after he received it* 
Ik fore a blow so cruel it Is useless to expn^ our regretiS. ITie 
homage due such a man and worthy of tlic Uiemorv which bis own 
fnimly, his fnend^ scienlbts, and the whole world” will retain is to 
reirtice n>, fu y as is ^K^bte the history of hia scientific achievemeuL^. 
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llBNRl URt gitHEL BEFORE R,VPtt>-AtTIVITV. 

Tlie problems wbidi pri?oi;cupie(l Beoquerel iltiriag his entire life 
ret»(e<l t«» the (.-oiistitution of mutter stu] (he Dtannor in which lUiB 
reni'tH iipciii the tiiAgnetic rik] Optical properties of bo<]ics. lie 
nppro«ehpcl the [troblcin tUrouglt mtnry tiiagiielic poltiriiintion uiul 
his theories led him to lu^ts of priinurdial importanoe. lie was 
the r(i>t to admit th»l in luoletiilar phcDomenu there must Ir! n pur- 
tiiil currying along of the ether by matter, and from this hypothesis 
he deduced tlic formula— 

R 

- = constant, 

ft" 

where R is the rotation of the plfljie of polariaation and n the iudes 
of refraction, Ki,\i}eriment showed tJiis true for bodies, group by 
group, and while not wholly verifying the ilieory yet it indicated that 
ho was on the right path and pointed the way for further progress. 

Tli« next step was the study of rotary magnetic dispersion, \‘erdci 
had shown iliul the rotation is nearly proportionul to the square of 
lilt* wave length and that the product of the rottition by the square 
of the wave length slowly increases from ilie less to the more tfr 
frangible radiations, liecquerel divided these results by the factor 
;j* (n"®—1), nad the result became very nearly constant, indicating 
how cio^ly his theory as to ilie cunnection of ether and matter w'os 
connected with these phctiotnena. 

Verdet noted that in magnetic media the rotation of the plane nf 
jiolnri/jition is inverse to that in diamagnetic Ijodiek and that con¬ 
sequently there is a difference between mugnetism snd diamagiietiani. 
For Edmond Bectincivd it did not sceni so; he believed, nithcr, tliat 
diatiiugiiettc bodies were less magnetic tiiim the vacuitiii; iiuignetic 
ones morei». Henri Becquerel tried to show that the phenomerm sup¬ 
ported his fathers views. He veriEetl the oWrvatbns of Verdet, 
but he showed further that magnetic and diuiiiugnetic solutions 
behave very differently. In the latter case, the action of the diamag¬ 
netic molecules is so weak that the rotation is proportional to the 
concentration. With the former, however, the mognetie action is so 
strong that the reaction of llie molecules upon each other is notice¬ 
able, For instance, with the perchlorido of iron the rfiifltion in¬ 
creases faster til an the concentration when the latter liecomcs great 
enough. Becquerel verified again tlie experiment that with mixtures 
of iron filings and an inert powder the magnetic field increases more 
rapidly than the mitiihcr of iron filings. 

Becquerel now asked whether a gas should not have a measurable 
magnetic rotary power. All tlie earlier attempts to show this bad 
been unsuccessful. Before making the apparatus adapted to ishow it 
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he Deeded an idea of ihe size of the effect which he niight exj^ect- 

The preceding law, fy = 0.2, approximately.iise<l with g 

of which the refppctive indexes are know n, shows that the amount of 
rotation should be very different from one end of the spectrum to 
the other and of tlie order of 0-0001 of that due to carbon bisiilplijde. 
So with an apparatus having a ijiagiietic Geld SO meters in length 
he expected a ixitaiion of five ten minutes of arc. Faraday had 
proved that the effect may be increased b\" repeats! reflections of the 
light acitss the magnetic field. Becquere! employe^l this device in 
an ap|> 4 initus alwut 3 meters in length to measure the rotary' power 
of gciscs and their relatively great rotary dispersioik 

Oxygen was found to be almormal. Its rohiry diapersion is ex¬ 
tremely small and pcriiaps anoiimlmis* the green giving less rotation 
than the red. This behovior may be coinpaiied with the w'elbkiiown 
magnetic properties of oxygem Carbon bisulphide furnishes stri>ng 
evidenw in Jjop|>ort of the law* for in the liquid slate the constant 
is 0.231; in the gaseous, 0,‘234. 

IU>cftiierid naturally searched for applications of ln^f theory in the 
world about liiin- He loobcrt for the action of the terrestrial mag¬ 
netic fieltl upon light, and with carbon bisulphide oljservcd deviations 
of the plane of polarization of about half a degree. But a iiew qiir5i- 
tinn arose. Does the terrestrial magnetic field deviate the plane of 
atmospheric polarization, wdiich^ according to theory^ must patis 
through the ceqtcr of the sun? This study* requiring measurements 
of high precision, showed that the plane of polarizatiou undergoes a 
daily osciUatioii about the theoretical plane, due for the most part to 
diffit!^': light, but iherc is a small resldnal variation caii^^ed by the 
earth'a magnetism. 150 kilometers of air giving a rotation of about 
20'' of arc. 

Tiibi elaliorate series of experiments would not have been complete 
had the pmclical side lieen neglectcdn At the congress of eketriebnif 
ill 1881 Bcctpicrel proposed to measure electric currents in absolute 
units by nieaiis of the rotation of the plane of polariKotion by carbon 
bisulphide. He showed tlmt this method is free from the perlurbu- 
tifiii at the ends of the magnet, the rotation formnk being 
R—K.4 IT XL By various experiments^ made by the deposit of silveri 
the constant, K, was found equal to 0",04841 at 0'^. This gives a 
method of constructing a secondary scale for the ampere, preiMsa 
though diilteult in practice. 

To Mum to the theories which had fiimkhed motive for all these 
experiments- Bcequerel combined his ideas in a theorr of the mag¬ 
netic rotary polarizaLion and showed how onatogons results could Ije 
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rcproduc<?d int^flmnicolly if a tniiisparpnt iHjdy coult! be tiimcil lU n 
speed of millions of tumi> per second. 

In this complete scries of relies, conductuti by Bcequcrel 
between his twenl3'*sefond and thirty-fifth yeans, we see the develop¬ 
ment of all the ijualities of a true investigntor—Lina directing tlieo- 
retical ideas, the consniminate espentnental skill, till' discusaion of all 
tin* interesting results, those w'hicli concern the cosuiicfll conditions of 
niir existence ttigelher with tJicir practical applications, and, fina IJy. 
the theotvtiejil coordiiiaLioiL This work. c<)tiipJet4Mi ttt ranked 
Henri Beojiiei^d as n master and gave eause for the glorious^ career 
wJiidi iipeisCil lK*fcm' Jiiitn 

iVt the time of these recondite researc-heiij he was preparing otUei^, 
all tending toward the i^iudy of lUo eoiislitiitinn of matter. I'hey 
wer[‘ to tn^at of the nhsorption of light and of pliofiphor^eence. 
These Jed hint to the discovery of the new niya 

ijCt 11 s examine next his work on crystalline nb^orptjoru Wliile 
extiiuiniiig the aljisorptiaii s[»ctni of varioiiH crystals he noted that 
the tjands disappeared for certain orientations of the luminoti'i vibra¬ 
tion. Pti.shing further the study of this phenomcnoti, he saw that in 
all double-refracting crystals having ab^iorption bands similar phe¬ 
nomena oceiir, and that ihi^ utie^irption in general is symmetrical about 
three principal axes; the more complicated the crystalline structure^ 
the more complicated the kw of al^rption. Tliere iSj however^ one 
gimcral law binding them all, Thv band^^ obser^’ed through the same 
ctystal have Invariable positions in the spcclmnif their intensity 
alone viiriesL 

In iiniiixial crystals the phenomenon is s 3 mitnctricnS alKitJt one axh^. 
The iibi^irpticiii stwtrmu, in whatever dirt^ction oliservcd, k formed 
by llic super petition of two series of bandSt one corrL>s[jonding to the 
vibnitioti normal to the axis, the other to those parallel to it. For 
every ordinary ray—that is^ for every my normal to the axis—the 
absorplioti spcctmiu is the same for the same lengih of path. For 
every extraordinary ray of which the vibration is orientated in the 
plane of the ray and the axis the absorption spectrum is as if the tw'o 
components of the ray normal and parallel to the axis individually 
suffered absorption and then united upm emerging. 

In biaxial rrvstabs one kw is common to both orthorhombic and 
clinorhombic crystals. Each band has three axe's of rectangular syin- 
nietiy* WTien the Frefmel vibration coincides with one of them, the 
absorption band h at a niaximum; with another, it has a moan value; 
and wdtli the third if is gimcrally invLsible. fn orthorhoinbie cryTStal.s 
the three directions of absorption coincide witli lla^ directions of sym¬ 
metry of the crystal. In clinorhombic cn’stak the phenomena are 
more complex and Lnteresting, The axis of i^mmetry is always o 
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fltiwtioo of priiii^ipjil al^sorptioii common to nil tho band>^. hut. Lh^ 
cAh^T two pfihcipnl n'lrtiitigiiltir dim-lions of divTrsy bands of nlisstirp- 
tiuii may Iw varinbly orientatefi with th(? plnni* of miiini'itry, *7». Ip 
ci^rtain cry?;Lsib these direct ions depart vciy little from tin? principal 
axes of optical elasticity, in others tbev may make with tlu^ nxeti 
Yery great angles, lefiebing fiomotimes 45^, IkaM^uen.'! gave to thes^ 
dimlitkns the name, principal dmM*tit>iis of lEnoniubnis aksorption^ 
and inferred from tbetn impoHant corisequenccs. 

These pbenomena oeciir in crystals containing Elie ran? eadlis and 
are jii^nbubly due in tJie ctunplesity of the Iwdieji which form I he 
crystals. I^‘ SE^tiamiont had aln*«dy shown that if we crystallize 
mUtnretE in variable projiortion« of the component snl>stani:eA, ge^v 
mctrirally ist>rniorphic liut with the optic axes diirercntly orientateil 
with rofeiTiice to geometrically like directions, we can obtain a crys¬ 
tal having any optical projK^rties whatever, the n^Hidtant emergent 
vibraticm being due to the itsnltant of the partial vibrations travers¬ 
ing the varions cr_vstala, the symmetry' of the total system dejiHaiding 
upon the portions of each eninponeiit. So jo apparently like ciy'f^tals 
the ab^cirpiion may be wholly diiTcrent, each i?om[Kjnent crystal ab¬ 
sorbing certain radiations independent of its neighbors and there may 
be no Illation helWEH'n the axc^ of ali^rption cnrruspo-ruling to these 
hands :tiid the dirc<4!oiis of symmetry of the iTvstah If ct^rtain ciy’^ 
luLs have principal directions of anomalous obsoiption^ it is because 
they lire such mixtures of viyblak, Cr 3 ''htQls containing didjnnium 
show (he necessity of admitting its di^dsion into ncraiislymium and 
prjesQdidyjniiinn Deiiiarcay was able to separate the distinct ele¬ 
ments ill prwzr^jflidymium, the esiirtenoo of which Eccf|ncrel had ihm 
shown the necessity. In ncodidymimn there are hands whidi char- 
iicteme wlllpll^x crj'staU. 

This method of analysis can indicate bodies existing in a ciystal 
which are destroyed by its solution. If. Iiaving noted all the aWrp- 
tlon Ijunds in a crystal of sulphate of didymlum, we dit^lve it. the 
sptHi'trum of the solution is notably di tie rent, certain hands have dis¬ 
appeared, others have .^Fufferwl dkpkcimient, while yet others have 
remainiH;! unchangedp The haiidt^ modified are ihfise which in the 
crystal were marked by these niinmalias and the variations may be 
explained if we admit that there exists in Uic crystal such a mixtnro 
which IS completely destroye^l and transformed by the water. 

The reparation of the rare earths Is very difficult. They are verv 
nnmerons and dktinguisiied from each other only hv extremely ^^na^I 
variations in their phyricai and divniical propertied It is generally 
almost impossible to purify them. It would be verj^ vain aisle lo lai 
able to seize, by s^snie optical process, in the heart itself of a niix- 
tuw. □ crystalline body wkich shows this anomalous absorption and 
which, the moiueELt the body is dissolved, disappears to take place itsi 
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anoUwi* tfotnpoimd. If. irciild Ix! Jt triit* tnethnd of SijHH'tnmi 
whieli coitlU Iw emijltiycd in research^ relalivp to the rnnj enrths. 

Aftor hiivinp shown upon many erystab the fruitful ness of his 
tnelhwl, Bwitiert'l closed liis re.«arcU in this line by, as usual, 
retiniting into a theory the facts olwerved. The intensity of a 
ray after having (raversetl u unit tbickric.ss of a crj’stAl must Iw 
f=(ff cos.® a 4- & fos.® ^ ■)()* for ii given wave length, the ray 

milking iho angles a, /J, and y, witli the pruu-lpnl absorption axes, the 
iiJtfiLsiiy oliHTVttl along the three axes iwitig o, 6, ami c. lint tiiere 
lire oais!h whore two nlisorption liancis are siijterposed in the stmie part 
of the spectrum having different principal dircctinn-s of absorption. 
Then the phototneter measures must be represented by the pitaliict of 
two «?xpnjSiions of the same form. Thus wc may have an asymmetric 
cun-e for the inteniiity as u fitnetion of llio angles a, /?, y. This takes 
pluii; in epidote, and Bccquercl was able to explain the apparentiv 
paradoxical restills of Itamsay !n maJtitig pliotometnc mcnsiircs for 
various urientaiiuiia in iJic plani!, of epiilote. 

liVc sw in tJtis wries of re^enrehes the lijimc qualities of mind 
prcwnt in iJie earlier one; extremely delicate experiments directed by 
theoretu^l ideas and the tiiial embodiment in a theory rendering 
numerical inx-oimt of the oljsen'ed facts. 1’!ie problem bmiight to 
this [joint had no further iiiterest for Booquerel: he left, to otlicre the 
patient work of applying his ineitioda. He himself started on n 
new patli, one alreody laid out for him, w hich, in a sense, iva.s an 
Iierltage. Edmond Beoi|uerel. had already made discoveries u|Hin it 
of the first order. In phosphorescence Henri Hecquerel found a {uilv 
ject well adapted to his tromi of miud and where his radical irieiui 
could Iwar full fruit. IVe find again the double line of work, the 
theorcllcMl and the pradteal, .side by side. Ife showeil the first in 
estabibhtng a new melliwl for the spectroscopic nnalysia of flames, 
the otlier in dbeovering two distinct laws: First, the law eounoding 
the radiiitiou tuigendering phosphorescenoe and that emitted from 
the phofi^phoreseing Ixaly; second, the law connecting the diininutlnn 
of the emitted erierg)’ with the time. This series of e.xpcriments is 
aUn of the first rank, for the iftudy of the constitution of matter far 
phosphore-.wence is certainly intimately connected with molecular 
resonance. Phos|>liorescen«! results from scloctive aljsorptton. but 
the nature of the radiation La such that a purely temperature? con- 
ncction Iwtween the phusphorescent emission and the imture of tlie 
body H nljsorption is an tnsiifiiciontexplan.'ition of the umigHion, which 
U ibidf selective. These phenomena seem related to those of the 
seliHTtive emission of incandescent vapors, and a> it was natural to 
look for laws analogous to tliose governing the luminous emission of 
gases and vapors. Tt is true that the umleculca are less free tn solid 
®ar_»—sji IMS-a« 
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pliosphorewing l>odioii timii iniind the light iJiiiiited less? simple; 
yet BecqiicrtJl w&s uble to deJiiiite relsitionw. 

Edmond Bminerel had already slio™ Unit if ilte infra-ml mys 
strike an ojteitefi pljonplioresclng body Oie ph(Kphori!Scenee in de- 
stniyed, jnsL m it would have Wn liad tlio tempc’imture of the body 
Iwn niLseil. The extinction U precedciJ by a teiiii>t>rary incrt^a.sc of 
the phoijphoiTiwn^iiee, as if the storc<l-np eiiergi' was given out at a 
greater intensity during n sliorter Un^e^ Clencraliy the two pba-sea 
occov so rapidly that the final extinciion nloiie is appreciabJe- Ed¬ 
mond Bfxxpierel had thus commeneed the sjtiidy of the infra-red of 
the s|>eelruiiL Henri Becqucrel resumetl tills slnilyj inakiiig many 
important advances* He studiod tlie solar spinel ruin by means of 
phosphorescenct? and di:Tscril>ed in this infra-red |H>rtiDti unknoivn or 
little kinnni liELtnls la^tween the wave lengths^ 0.70^ and 1,!^ Ahiiey^ 
by ditwt photography* had gone as fur as IrfSinglcy with the 

Imlfiiiieter had explored q much greater region and hntl revogiiis£e<l 
the more iiiteresling of thesie bands of Becc|UvreL But in the region, 
1 ‘elntively mmii to be stire, where Oie ptukiphoreseenL method is 
appliaible, it <ajiikl then detect finer lines tJjiin the Ixjlometer, liee- 
querel sludied new nbsorption and emiadon s|>iK!tm; he showed that 
the liqitid-water absorption nearly coincides ivilh that of almospherie 
water A npor; that the compounds of didymiutn and sjiuiarium have 
cliaracleristic: lines in the infra-red Avhich may fserve ms standarEl 
marks; finally« he mapped the characteristic lines in llu* infra-rcil of 
the mcanilescent vaix>rs of ixHaKsimu, aluTniniim, ^sinc. cadmium, 
lead, bif-miith, silver^ and tin* 

WTiilesome snhstanc!es lose llieir |diosphtiresccnw nearly uniformly 
over tlio infni-tvib w'ith others the extinction is unoquaUy rapid iu 
different regions. Tlie extinction is producetl under the inibienro of 
definite rudiationa, often to the exclusion of the iieighhoring regions, 
so that the spectrum consisti? of one or more bands where the extinc¬ 
tion has been activet sepanUed by regions where it has lieeti eitlier 
much smiiUcr or nil- Under Llie influence of the infra-red radia- 
tioTis the phcjspliori'scence varies in color witli the time* This may 
l)e noted in the phosplioroscope. So even in the various infra-red 
bands in the same substance it was found that the color can not ulways 
la? the ssme* 

It is interesting to correlate these facts with the very simitar Iw- 
havinr In the violet and ultra-violet. The cnsfOTbIc of the bands of 
excitatiuju of emission« and of eJttinotion miust be ctmuecUHl by anal- 
ogoiis formuhe with the various radiation.^ emitteil by uicandescent 
vapurSf for lajlh are iutimately connected with tlie vibratiun iieriods 
of tlie niolecult^ 

nie inoKl nuiiurkable phenMinE-iia are shown by the coin]Hniiuis uf 
uraniiimt U was tho ±^tudy of these w^hich ltd to Bwiuerers dis- 
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croveiy of nidio-nctiviiy. ITmnidm forma two tiiiflioct series of 
Edmond Becqut*rel Imd ^lowtt tho ph<Kphor«H!ence of one set, iho 
second docs not pho^plioresoe, Ilcnri Bacquci^I soon noted tlicil the 
lilt ter Kjilts hnvechnractcristic bunds of absorption in tjio visible und 
the infni-red spectrum. Stndyin^f further Uk! conipoujids of the first 
ho noted thut most of them {jhosphorf^cc Jis lisid Jilri-udy l>een 
s!uu%n Hnd thnt they have in general a discontiniioiiii ^|jKclrnm of 
seven or eight bands or groups o£ l>uncb Ijeiweeii the C and the V 
lintss; tlu^se tMnds vary according to the nuture of the €oin|Kiiiri(L 
The oompounds have selective nlxsorption banda which corrcs[>onii to 
all the radiatioiis which will excite the pbosphore^icence. Tf the body 
IS excited by tlio light of tbe wave length of any one of tlics^e btter 
binds it will give out its totiii emission spectrum of all I he wave 
lengths proper to its phosphorty;cence^ Birfiiierel fornndated ihta 
law: The difference in the oscillation fref]iicncies in passing fi-om one 
band to another is a constant, the bands of absorption eoniiimitig the 
series fonned by those of einu^sion. Tfie latter stwiii to Ije tlic sob- 
barinojitcs of tlie former. Often one or two of the less refrungible 
alisorpttoii Imiuls coincide w ith the more refrangible ones of eioissian. 
It seems probable that the alisfjrption forma stmie kind of synchronisin 
wdtli the periods of the emission^ but it ts not cxpectetl ihut they will 
be found to Ijc subharmonies. ITiey areesentially db>tingiudied from 
incondescent vapors in aliS4srptioin The orJlnarj' theories of reso- 
tiaiii^^ are ineapablc of ex plaining them, but tlie simpbeity of tlie law 
which l>iiids them gives hope some day of the possibiliiy of a meehan- 
ieal ex])laiiiitk>iu 

It is reuiarkable that the second series of uranittm lailis which do 
not phosphoii?sce but seem to dcgnido into heat the selectively ab- 
eorborl nuliation^ sboiild have bands which follow with a notable 
regularity" the same law- which bolds for the coiission bamb? of 
llie other scrim The bands have not. however^ tho same rcktive 
interiffiticH, 

We have seen the theoretical difficulties offereid iiy Eli esc 
phenmnciia. Edmond Becquerel Inid already stiidieil and formulated 
tliD variutioi:i of the inteoaity of the phosphorescent emisssion with 
the time. His formula^ however^ held only for very short periods of 
time. Nor was the one derived by ’V\^edeniann sufficient Tlio 
formula. I = dedutred theoretically from the hy]>othesib tlint 

the molecular degradation of energy^ is proportional to the velocity of 
what wo will now call electrons. IkN!qiierei thought it lietler to make 
ttiis ilegraiialion proporlioiial to the square of the velocity and so 


obtainetl the formula i= ig |—Xs the photometric measures of the 

total pliot^phorcscence intensity did not agree with this, Becquerel, 
remembering the changes of color, thought it possible that a similar 
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term ought to be used far t?aeh iMind^ so t]ml if there are two li^nils m 

the apectniin the farmulji Iwromcs ^ ]' 

verifiecl this foraiula in several eases* so that St seems proved iliat 
the phofiplioi'eseent phetiomejm follow n law probablj uilaptHble to 
ineeliaiiiciil explutiiitioii but mut*h more ctKUjpliral^id than lu-aus- 
tical resonauee or otlier analogue to whidi we are at prveeoL ac¬ 
customed. 

From that tnoment, for BmiuerdT phosphorescence lieeame a source 
offering mysterious propeni&* llie uunivcl'nig of the secrot of which 
would embrace a nujltitude of new discoveries, 

HAinO-ACTIVITY* 

T\"heii the discovery of Rontgen w^as announced, Becqnerel^ like 
many others^ at once tried to st^e whether pli<e-pliore!rk^nl bodies 
emitted phutographic or phoj^pborugeuic radiations whieli would 
traverse* opaque bodies. And here wp may still better appreciate 
the subtlety of Becquerers mind. In ibe midst of a mu 7 .e of spccm- 
ingly eoiitnidictory fwets, he knew, by h\» marvelous intuition, how 
to avoid the paths to error and to take that which wotibl lead him 
by infinitely small manifestaiious to the fundamental phenomena of 
radio-artivitv. that immoptnl dis^very which 1ms already revolution¬ 
ized nnwlcrn phyMics and promises to lead the physics of tlm future 
into fields as yet unrealized* 

The biogra]3hy now becomes difficult. It could be made nothing 
iiionc thttii the renuiucratiou of Bcoquerers astonishing discoveries 
w'ithoiit explaining the ej£tra<jrdniury conditions under which they 
Were prwlucec]. Those physicists who may read lids will recall 
that fever of exeitement among tnen of science wdfu!!i hdlowed in 
LfiOfi the anouncement of Uontgen’s discovery. They wull recall, too, 
ihe first experiments of Branierel* which raised the doubts of tlic 
older b^ool and tlic curiosity of the yoiin||:er- Then Tk 3 ct|iiei:Tl, 
aroused by the daily disclosure of new^ truths and by the incrensed 
publication of ills works, acenmulstiK] in three years a mass of re¬ 
sults that confounds us. And we sliniild also note ut this time the 
tlevnted collalmration of his assistant, ii. Matout, in whom he inspired 
admiration as a man of lienee and an imiimlted personal attadiment* 

Ordinary phosphorescent ^bstaures give off no rnianation capable 
of traversing black paper* But it Ls not ^ w ith the conipountb of 
uranium* whose peculiar properties Uccquerd Imd already rccordeiL 
By first covering d pliotograpbic pkte with black paper and placing 
over the latter a salt of uranium oxcited by direct sunlight, he sfUc- 
i-eedcd in ^taining an impression nptm the pkte. But one tlay the 
sunlight disappeared a momeni after the exposure had been started 
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iiml the up[jtirntus T^’as left in the derk* T4?iter the plnte wns dc- 
veiopiKl xintl the impression wrs fonnd as stn>ii^ if the snnliglit 
hiid struck the salt. Upon tiding the cisperiincut iiguin without 
sunlight the same result was reacihi*^! as if l!ie siiti had l)eeti used. 
Allliotigh this urnniiiiu com|MjLindt which luid been prepared some 
time, was now kept in the darkness hi a lead box^ yet it still continued 
to give the snme results, 

"Tlie dLsctiarge of an eleetrified body under the iiitluenoe uf the 
uraiiiniu emanation was next tried. This was at tliat time the only 
prt>i’ess kiiuwn which would give quantitative mettsuii!s of tills strange 
power. Then it was uecessa^'^ to see if tire phosphorescent state was 
necessary for the newly found emanaUom A nitrate of iiraniiini 
cr}^taU wheilicr in solution or melted in its water of crystullivaitioii, 
giwat the same elleet as when in llie solid slate^ aUhoUgh tii iteilher of 
Uie liqtiid states would it phcKriphurf^sc^*. An altempt to sec whether 
bodies near such active com[>oiinds beeumc active by q plicnomeuoii 
arnitogous to phosphorescence was unsueeessfuL It was several years 
later that the jxiiW'er of riidium enabled 5L and Mine,. Curie to show' 
this and the profound dilfereiice between this new pbenomentui and 
luminous phospliurrsccnce. 

Some odd results, not yet understood* letl Beequci'el for a moment 
tu eri'oru.iinsly Ijclicvc that llie new rays Avere ortiioar}' radiatioiu 
But he soon saw hb error^ noting that the propagation of this new' 
eniimatioji took place us W'^ell across pulverized matter as aeross solid, 
continuous Ixxlie^K 

Since all the cum pounds of uranium^ whatever their cliemical or 
phyaical stnits sbow'cd these phenumeDLi;^ it therefore nutimil to 
attribute them to the uranium it.selft Ihire uranium w'ais tried and 
gave more intense results than the suits. It was iio^v made evident 
tliat lunghbiriug bodies U^caiue the source of a secondary cmuMtitioTi 
as long as they were struck by ftiR uniniuni discharge, but that the 
phennmeriou ceased as fioon sst the body was removed from the 
preHetice of tlie uraniuin^ 

By pushing the expcritiients w'ith the electrical diiScharge still 
further it wasdiown that the air is rendered ooliductivc and remains 
so i\ few iiioments and that this plays an i^scnliul rfalc in the phe¬ 
nomenon. Air^ active under the bifliiencc of the uranium and blown 
upon an electro^-ope actively di^'liarges the latter. If ordinary, 
inactive air is blow n betwi’cn the iii-auiiim and the hall uf the electro- 
setipe. the latter b discharged more slowly. Tlie emii^ion wems 
indepcTident of the ternla^mlure of ihe umnium. The teiiipieraturb of 
the gas, however, modifies the discharge. 

In order to regnlnle this meihoti of measuring the emanation, it 
was nccc:?4mr}' tu find sonic law governing the discharge under the 
varying ix>lentiaU B€=sot|tierd cs^tnblijJied u liuiit of the velocUy of 
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dis4!hnrge for potentials alw^ve 300 voUh; Rutherford Inter called this 
the ^saturation current.'’ 

i' inally, by the modifirtilion of the wlcicity of disclinrge 

produced by the inter|aisitiou of Isinitiii of diJTerefit aulit^tancff^ Rec- 
qiierel showed the coinplexily uf die einaoiiLJOn cmhted by the iini- 
niunu From now on tlieae xiidiatiorL^ were tulled Bec(|uerd rays^” 

All the^ re^talls were verified by Rutherford^ who extended them, 
charaeteriKing by their ahwrption two classes of rsiyj-: Tlio * 
rays, very active and greatly absorbed by tJie air; the /I my a, 
active nod much less al>sorbed. He applied to ibises, rendered con- 
duettve by the^ rays, the ihcori' of jonizuliont wbidi J. .J. Tbuuisou 
W'iii4 then developiiip:^ und showed the identity of the piienoinena 
produccil ill the uir by the Beajiierel rays and the Roi^tg^^n niy.^ 

W'hile Becquerers results were being verified in England* il. and 
Mnie. Curie in Fmtice and Schmidt iti (iennatiy w'ere sirarddtig for 
this eiinniatiuii from other Ijodies, Mnien Curie und Sdimidt dis¬ 
covered It siinnltaneouJ^Kly in tlioriunn Curie fcumd that uU 

active bodies rontnined either uranium or thorium. She determined 
by the quartz-piezo-elcctricnl method of Curie that each compound of 
uranium, whatever its history, ptjsscssix] the same |jower of discharg¬ 
ing —^thc same radio-actirity—uftlrig the name adopted by Curie. 
The two Caries then tried to isokta the Isody endowed iviih the 
property of nidio-activity i and by an immense ariiount of work, Uiiing 


liceqiicrcdV rays and Curie » pieKo-elcctrieal method in their aiialy.sc^r, 
they finally discovered polcinium and tben tadiimi. Using pure 
uranium its tlie unit of nidio-actlvifyj radium chloride has an activity 
of 

Ikcr|iierel could now' continue his rr^arches with the cxtromely 
active products placed at his disposal b}* the Curies Ills earlier 
experiments be re^x^alKl w ith [Milonium und ratliiuii, mui sljowefl, by 
his alfc^rptton tests, that poloniutn emits an crtuinatioii different from 
that of nidi uni. ITiLlLzing the admirnble collection of phosphorescent 
compounds left ]jy his father, Be^iuerd did ntd delay in tstablishing 
j^everal new properties of the einanution from the neiv proclnctWy 
diowdug that efleh of them emitted u complex bundle of rays excit¬ 
ing in d special manner the diverse photiphoresceiiL aid>Htances. Rv 
his ikhsorption method he showed that the very penetrating rays excite 
the tloiihk suJjihate of uranium and polcmiimt and that the most 
iwnetrating rays excite the dianmnd. Finally, he noted that the 
radium emanation tan give tMck to liodies tbe projwrty which they 
may have lost of Ixjooming phosphorescent l>y being heated. This 
may a]so W Hccompllshed by means of tlie electric discharge, 

Boi^liierel noted that tVie rndiiim emanation gives to chlorine a 
phosphorescence timcli more persistent than that produced by ordU 
imry light, and cnmparc.1 iluR with the similar resmit praluml bv 
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the cathodfl rays eis shown hy Sir W. rimI Edmontl Becrfiiiort*!. 

He coiiipaml the pheiioiiienn prixltinwi l>y the cuthwle niys 

iind those ivhieli the Curies hail ol>servetl with the art ion of radium 
upon glass. 

It ivEis hut II step til BctT[irerfrs o.vaiiiinatiDii of the effect of the 
magnetic held upon the lynainition. GieseL Meyert and Schwcidler 
had already ohlaiueci muhu results along tiuil linc^ hiil they were 
unknown to Bccfiuerel, Becipierers olmnwuth)ti% when tTanpletiih 
were more j>r[>ftuiiid^ more fertile than those of his predecessors^ lie 
observed the hiij>ortant fact that the niiliation, clcviaied like the 
eat 1 1 oil e rays hy the luagnetic fields suffers a dtspersiou. Thi5i showed 
lliiit the emamitioii couijmsed of electrons having liifferant velotu- 
ties. At the same tiiiiL\ working with tin eli'ctnunetric niotlunh the 
Curies showeil that In tlie emanation from rsiditim tliere is an iitide- 
viated part much more ab^mrbed tliatt the other raj's^ tJiUS giving a 
new dlstiuctiuii between the a and p rays of Butherford* Folonitiiu 
according to Ifeeqijere] give^^ only the nondeviable rays. But nt 
iJie same time Vilbni slioweil that in the noiidcviuble bundle thonj 
exUlH, besides the very at>sorbable ct rays^ a sett extremely transmissi* 
blet w hieh he called the y raj"s.^ tiiul which are ideiiticai with the 
Ilontgen or X rays. 

The reimirkjihJe studies of d. J, Thotnson on the enthmie ravs re- 
corded that fixmi the trajectorii's of the electrons in a know n mugnetie 
field we may determine ilie qusntitv —whei^ m is the maa^s of tho 

electron chiirgcd with a quantity of electricity and having the ve¬ 
locity *\ The tra|Cctory of the rays dia^chargci;] lioniml Ui the field 

should be a eSrdo whost' ladius B = where liis tlie irileuHity of 

the field. It was neci^isiity to isee if the radium rays gave fnijectories 


whose radius equaled —^ anulogons to cathode rays. Experiment.^ 

^Iiok'ikI tiliii to be tr<i« nntl tliAt itU llic jircpiirtiltonfl of rndiiim cir its 
Balts gave the Eanie kin(1 b of rays. It served uLsu to show that tho 
iwrsioii io the mugnetlc field cfliild serve fur the study of the pene* 
trubility of the various ematintions, for the more deviable the more 
penetmting an' the rtii-ii. The images obtained by plncing various 
ser(*ens sepnmtiiig gi photograpbie [date fnun ti rnorsel of radium in 
the bottom of a lead trough, and all pluL'Ctl in a magiietie field, iil- 
loivcd, by means of the images upon the plate, a determination of tho 
limits to whicli llie emaiuttions |ienet rated the screens* Mort'over, 
the radii of curvature were easily t.'aiculuted. Kiion'irig the field II, 
tho products BIT could lie easily deduced. These products, iMjiiai to 

- lay lietwei'ti GST for copjaT und ti(W3 for lead. Admitting veliKU- 

tics aiiulrigous to those of the cnthiMic mys, the v-aliies,—,could lie np- 

■tf 


782 ANNUAL HRPOMT SMITHSONIAN INSTtTUTtOFj lOOS, 


proximatffiy found, showing w[ieLher the sliOuUl hi^ve a 

isicyih'ible clmriu deviation. Becquerd made tbe cralcidauuna und pro- 
jjari'd the t'X[)erimenL at the same time tLat the CiJTie:» demount rated 
directly that the cloTiahle ravsi of nidititu curried negutivo ohargfe^. 
Dll Jlarcli 2il lSK)0j at the Aeademie cits? Scaenc^ he poblLdted tlie 
winfinning ri??iilt& Dorn independenlly pnbliBliett I lie .^ame results, 
de|>emling: the calculations of HeequereL 

Knowing the radius of eiirviUure for a cathode ray in a known 

uingnclic field and its eJi^trotitatic deviation, wc may eaten lute 

and t\ hm difteovery was well assured Becf|iierel piibU-Hhed 

figures obtained fmiu the id.jsorptioii in black paper, givmp 

ttnd very- close to the last given by 

Kuiitruiamn 

While Beequerel stnigglctl against las iiisnfilcient nicaiH for con- 
htmctiiig tliG rieec?5?iiry iti vacuo uppuratus, KnutTmimii tminpleLcd cx- 

periinents with h-uCicienk aceunicv to cronctude that - viiries with tlie 

m 

VclcKut}"—tbiii ifi to sny, tliat the constant u hidi has seemed so 

well establiFhe^l fdnee the tioio of Xewtoii, Libs no absolute cxtstetice 
iLiid that we ran consider its cwflicient as consbint only wllli veloci¬ 
ties iulinitely small I'fiuiparixl with tiie velocity of light Wc will say 
nothing furl her on this uspeci of radio-activity- iL now passes out 
of Beequerd'H domaiiL Indeed Ijefore the IIucmI of foreigii invi^tiga- 
lioriM trhieh fiirlhcred his results and Ijefore the new jt^suIU secarctl 
every day, he had to leave to others the experiments for which he liad 
neither the iimterial tior tlio means. 

After tlie * ami the jp rays lind lieen ciearl^^ distinguished hy the 
experitiieiit;? already staled, It w^as i|uestiqned wliether thq former 
an‘ only slightly devialite or not devinble at all. ItuLherford l>*r- 
fonmd an esjierinieiit ftona which he concltitlcci that they are slighlly 
dc via hie but his conclusion was too involvcil to carry couvictiofL 
Ib"cr|uej‘el loolt up ihe question^ using aceunite measures made upon 
his photographic j>lates, and was able to establLsh a weak dcnatinii 
imdoiilYttHlIy, tlic <i rays forming a pencil rleorly detaiCicl and not 
showing uiiy sensible magnetic dispei^ioru These niys nm analogous 
to the canal rays of GoIdsLeiiu The curvature of tiura raj's seemed to 
iiiigiuetu with the Icnglli of patli in the ain AlUiough the great 
aJ^irptmn of the nij s by the air made dilficult the siiimltaneous study 
of the magnetic and electric deviation, the problem wjui solvetl by 
Coiidri- The experiments of BLcqnen?l niid of Ruthcrfoid 
proveU Uiin she change of ctjrvnture in tniversing n thin sheet of 
aluminum is due to a nutianible retanlatioii of the diargi^hj corpuiscles. 
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To B(?ec]iieix'I it set^med due to jin nu^ientatiDn of the tu Itutli- 
erford to a clhiiinuLiun of tJie veioc^ity. 

BeL-<jUL4'el fijijiid that poloDiuiu giveis ruys that ttm ideutie^I ^ith 
the d ruys of mdium. An exhatisth'i,^ sstndy of urmEiiuiu^ even in 
vacuo, ditwlosed no a rays?, but it wa^s found to emit very deviable ^ 
rays—tUal iii, rayw of sduidl velrM-itj. 

The beginnini' of the.^ titudifL^ had f^liowii the existence of second¬ 
ary rays pnidiiced by the lioinbardmetit of another body by the 
Berquerel niys. Further iflud}' showed that ail radium rays do not 
tills property. The tijot?t nipid corpuscles Iniver^e aliunmum 
and sillier no iiiodilicatioji. I’boHe for whiLli EII=:l4?i6 are the first 
to suller eliuiige and produce the serondary rays after pairing tliroitgh 
the aluiumuiu^ Ull<LritM) they are completely' alisorbed by 

the aliimijjttini and gi ve no emission. The secondary rays are devialed 
like tiie primary hi on electric field* 

It was these ai^^iidary rays which produced the intense itopreasion 
oil the pbologfaphic plates of liecxiuereb The very pentirutiiig 
emanation travcm^l the lead^ producing the wecondary rays which 
then affected tJic plate* These niys pi'oduee the auginentatiuii of the 
impression along the ^fcreen hit by the Bcrc^perel rays. These exjTeri- 
ments remade with ]xilonium showctj that in time the secondary rays 
duo to mica indicate a tiiuch raorrr penetrutiug cmatiation than that 
ordinarily noted from polonium* 

liecqucrol studied the traiLsformntion of white into red phosphorus 
under the inllucncc rif these etna nations and showed thut the slightly 
[H?netrating niys pnxluced the c^^^ntial ]iart of the uctioUp The 1 
rays coidd nert Ih! tried because of the iiecesisity of prob?ctinff the 
mdiunn 

Tlie fertile succe^ of the ionization theory made it interesting to 
whether iinalogoufi phenomeua took place in solid dielectrics. J. d. 
Tlioms^m slioweil tliat il occurred with tho X rays. Becquerel 
#thovved that Ih|iiid or solid paralfiii liecame condnctijig under the 
action of the rays. That the action ctaitinued constant in the stiinc 
iippurahis during a year indicated tliat it took plac^ even when tlio 
parnflin had reached its [wmiaiient state* 

At the time of these dijjctkveries the Curies were bringing to notice 
iriduc^l radio-aclivity, nml Kutherffinlj the emaumitinu of radium 
with its curious projJcrtieK^ the exhaustion of the solution which gave 
the cTnauatioUv and the recovery of the ruclio-activity after a certain 
time^ 1 horiom had nn emanation of lU own* None could be isolated 
front iinmiunu and yet Becr|uerel showed that certain phenoincna 
lipj^earct] to indicate one. 8ir \V. Crookes ahowe<l that by fractional 
cryMtallizHliou of the nitrate of umnium in ether the foreign matter 
Iwirame reactive^ the nitrate less and le«s so. He attributed this to a 
new body whieJi he culled urunjum-X. BecquereJ diowed tliat thfe--o 
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phi^niuiicnu foUnw the same linv#! as t]K>se uf ilie siilt« of rncljiim in 
M>]uLicin mid that ilie nitrate rrystidliKei rractivu after a liine.^ It 
t^eeined then iliai uranium bus an enianation. He fcliowetl that tlie 
double :iiil|>baLe of uniniuiii and |H1ta^i3itlm h sjKmiatieasidj Intiiinons 
in the dark like the radium gaits, only thi- elfeet b fur smaller than 
espccteti Bcotiuprel that tjie pboaomenon of Ciwkea 

spinthariseoiK! is duo lo the cleava^ of the bexagonal blende under 
the Ix^nibardineiit of the a rayii^ 

Bocqueit?! consideren:! with t'urie that the radio-active phenoiiiena 
are due tn a congtaiu evolution uf the iitonu tlie utonig of the active 
iH^dies Ijeing' variahk und con^lsnll^v destroyed by explosions* The 
debris may be in part uf inert niattei'^ partly of gi'oups of elect rums 
or single electrons which c'ontiLitnte the variotts emanations^ tlie a 
and the ^ my^ mid cnmniiiniculiiig to the ether concussions ly raysK 
The corpuscles iruinin scattered in matter or in space. ^Vci^ording 
to this theory the ernaiiaLioii may lie regartled ns n group of electronn 
carried by gases or matter* Perhaps, as Filippo Re fjclieve^* we may 
ftuisider the radio-active ntnni as h condensing soJnr gj^sicjn: perhaps 
will I Perrin^ as a solar system fnim which the exterior planets are 
iisciiping, Beecjuerel said of those liypothc«e?i: Re’s may lie consid¬ 
ered nf equiil worth with the invoi'^ic liyjiothes^is; they ljulh d^'r%^e 
the intercsit duo attempts tu connect by comiuoii laws the iutinitely 
small atom witli the infinitely great nuivers^. 

niVKa>E BF.HE.\EtCElli^. 

Along with these great problems, iri which Beci^ueroi held such ii 
leading ixisitioii* he w’orked on certain other problems which the 
greater uiifei had temporarily replocccl: Ilin r<‘search with Edzimnd 
Bei-qiierid on the temperature of the sun; Uicn in liTih nn the mag¬ 
netic properties of nickel and cobalt ^ then he i^how^ed by interference 
methods that in the propagation of radiations uenoss rotury-pnlartz- 
iug magnetic fields tlia right and the left circiilnrly polariK^ coin- 
ponenls travel with different velocities. Later, when the Zeeman 
etfect wafi discovered, he took up bi?^ latest idcaa relative to the action 
of the magnetic field upon light and show^ed the tionnection between 
the h araday imd the Ze<mian phencimena. Then, in collaljonition with 
Ikslandrcs, he studied tUet^e plienDmena ex]ierinienla!l>% parilciilarly 
w ith imii. They showed that, in this case, certain rayss are unatTeefed, 
siiuiie give triplets, other quadruplets. The ray. b anomalous^ 

the two extreme rays are perpendicularly [xdarbEcd to the lines of 
forcc^ the other two paralleh 

Becqiieti-l (ilso allowed iti q Iwautiful way tlie anomalous dispersion 
of aKliiiiii vapor by ibc classic method of crosswl-prisms sn«:tro. 
woi>ea, bul vfitL a very ociginol disposition of the apparatus. He 
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produced a prism of sodium vupor by meaiLs of » fumll pUtloiim 
trough held over b vcHot^^ ^^CKliiim Bimsen Umiie. lie n^ceived I lie 
spcetniui of while light formed by this upon the alii of hia gmtiiig 
wpertrostcopo and ihe hyperbolic form of the D lincjs indicated the 
plH^nomenon of the anotnotou^ dispersion. 

We will dose this ^sltort notice of Bccqiierel with reealJing thut Wlh 
he and M. Curie were the find to siilTer the pjiinfnJ etfects of nidium 
ujMJii the human body, lleeqnereh by carrying in his armpit for 
sevei^l hours a preparatioti of radium^ cent meted an uleemtion in 
his side which was very long in Iiculing, and at another time he 
received a noLtceahle pigmentation. Widi Curie he published ids 
ohser vat ions ut about the saitie time that Curie liad ssiffcriKl the effects 
upon himself. These two great men ivere thus victims of the dis¬ 
covery which led them both to glory, and perhaps? the w'eakness 
cauj^d by their minries was partly to bbme for their premature ends. 

tVM-tirBION. 

And now tliat I have so hastily reviewed these great act'omplbh- 
merits, may I l>c permitted^ as a friend of Becquerel and of France, 
to express n heart-felt regret. Since Henri Becqnerel built his work 
with the [xiorest of scant niiiteriah tlie regret which I wish to expre^ 
is tliat so great a man had not at his hand the credit, I he equipmeut, 
and assistants found in so many foreign laboratories, which wmdd 
have more often allowed Becqncrel to arrive ahead of others at the 
gool of the fertile paltn? which he disclo;^. 
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